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STCAM?AME BACSSuOFORM WRUS FEOM0TEM 

5 Dae o f the primary goals of plant genetic engineering is to obtain plants 

having Improved characteristics or traits. These characteristics or traits include 
virus resistance, insect r^slstaiace, herbicide resistance, enhanced stability and 
improved nt^ntlonal value, to name a few. Recent advances In genetic 
engineering tee enabled the incorporation: of preselected genes into plant ceils 
10 to impart the assisted qualities to fee plant of choice. The iatf odoeed gene, j 
"transgene," is then expressed in the ceils of the regenerated plant, so taat the 
plant will exhibit fee trait or characteristic encoded by the transgene. 

To express a tmnsgehe in a plant cell, the proper regulatory signals most 
be present and in the proper location with respect to fee transgene. These 
1 5 regulatory signals generally Include a promoter region, & S ! non-translated loader 
seqneo.ee and a 3 ' poiyadenyjauon secpenes. The promoter region iniloenees fee 
rate at which fee m Anroduei of fee txanagene, and resfelant protel a product of 
fee Iransgene, Is made. Promoter activity also can depend on fee presence of 
several other els-acting regulatory elements which, in conjunction with eellolar 
20 factors, determine strength, specificity , and iransenptson initiation site (bar a 
review, see Zawei and Remberg s £M^^£gMim> €>4SS (1992)). Strong 
promotersare able to direct RH A synthesis at a higher rale relative to weak 
promoters. Constitutive promotes direct RNA production in niasn/ or ail eel! 
types. 

25 The eauMfbwer mosaic vims ISS promoter (CaM¥35S) is a efrong, 

conshmtive proinoter in plants (Qdeli et M. r Wlm&> J«»hkb et 

a!., m> $W (J Jefi&rson et ah, IMB£LL,fe 3901 (1987); Kay et 

m 1299 (1987); Sanders etafe IM^sMsUte^ 1543 (1987)). 
This had been shown by detecting snbstantial levels of reporter gene proteins or 

30 mRNAs in extracts prepared fmm fee leaves, stesns, roots and flowers of 

transgenic plants. As a resul t, the C&MV35S promoter is widely used In the field 
of plant genetic engineering. Although the CaMVSSS promoter appears to be a 
strong, cofsstitntsve protnotet in assays Involving ceil extracts, detailed 
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histological a^afysfe of reporter' g« products detectable at the cell tissue 
level shows a rather Mgh degree of variability of 'expression of tile ge^e ptod^c^s 
m .tissues of plants. 

CaMV U ^mnlmmnm s a subgnmp of parsratrovir.usesi that has 
5 Icosaiedral capdds and i elects only dfeQts, aitko&gk the CaM V 35 S promoter is 
a strong promoter m monosots. Sugsscam-bacitHform virus (SeBV), 
Conmeima yellow mottle Mrus (CoYMV) MkS nee timgro baciiiifbmi virus 
(RIBV) are badB^^&e.s*. suhgmsap: of ^st^^to^ruses- that- have fmeillifbnrs 
capslds and infect mainly mes*oeoi$, A promoter fragment Isolated from 
10 CoYM V confers a tissue -specific pattern ofmj^&km tbat is different thsui the 
pattern conferred by the CaMV35S promoter, Tr^Mpnned. tobacco plants 
containmg fie Co YMV promoter linked "to fee feeta-gliuettromdase importer geri£ 
C^lM^ uiM) stewed that white the CoMYV promoter is . wtiwiMl argsms, 
teta-glueBTOoiciase activity ■ectffifls primarily in the phloem, the 
1 5 associated «eRs, mm the axiaf parenchyma of mo ts, stems, leaves > 'ami Sowers 
(Medheny et aLSteC^l 4, 185 (1992); Medfemy aad Olszewski, jQaasJU 1* 
619 (1993)), In contrast tk? €&M V3SS promoter Is active m most eel! types 
(Medbeny et al , * B jnlQ§IL 1 B 5 ( 1 992); M*mn& m& Qh&m&kk BmM^ 
619 (1993)). Mareover, tbs CoYM V promoter te 30% as active m tobacco 
20 ^te^sicm cMIs mxi.^ to 25% ^ active in mfe suspension pells compared to a 
duplicated GaMVSSS promoter ^Mfedfee^ (1992)), 

Tnms^&mc rice containing the RTBV -promoter linked to die CRJS gene 
showed strong phloem^pedfe promoter aeuvHy. Thtf was coissistsm with the 
expression of this promoter b rice protoplasts. However, the ETBV pHBwfer 
25 showed only weak activity m ifeaiisa protbplasts .^^tt^ha^y^Fakrasi et 
mMLl, & 71 0993); Yin at ai 5 E&fflU* 2, 969 (1995)), In contrast, the 
corresponding CaM V promo tes shows strong promoter activity in protoplasts 
ami m almost all tissues of traMgensc plants (reviewed by Hotel md Mmm, 

£m,mnJmm^m^ h m (1992)}. 

■m Thus, what is needed Is a highly expressed, con^itmive promoter to 

•express trsnsger^s in ieslsk? transgenic rnonocot anddicot pi$$i$« 



The preset immkmprwim m isolated md pm&e& tMA mo«e 
mmpmmg * protected |>MA segment comprising a snganeane bseiliifotm virus 
(SeBV) promoter, or a biologically active sM thereof that confers 
3 constitutive!); high levels of expression of operably linked preselected DMA 
mmms m bmh rmmmt and dieoi pfama, plant tissue, plant pans ox plant cells. 
White- the nucleotide sconce of fee genome of SeB V is fesws (BinihkSa el si., 
L^mMmL 1£ 1 (1 993)), me location of a promoter for genomic length viral 
RNA wsss »ot apparent, eyers after nucleotide seance compmmws of the SeBV 
10 S cnom * wife promoter sequences of eloseiy miatad viruses, sueh m CoVmV 
ETBY. Sttq>ris|»giy v the SeBV promoter is & strong snd consUiuitive promoter 
in mim? cell types, milike the strong tissue sped Be expression observed for 
GoMW end ETBV promoters. A preferred embodiment of &e inveniion is a 
preselected DMA segment comprising a SeB V* promoter comprising SEQ ID 
IS: NO;3, iM, « preselected DMA segment that corresponds to nucleotide positions 
3999-/420 of the SeBV genome. As described herein below, the SeBV 
promoter confers constitutive siid vascular gene expression in A. mw m&4 
ihalianu. Tims, the SeB V promoter can he employed for eoestitmi ve or tissue^ 
specsise plant and non-plant gens mpvssuQh in monocots and dicots, For 
20 example, the SeBV promoter msv be linked to genes which confer to eroos 

resistance against pests which attack crop passes at the stem, e.g., 0hlds which 
vector barley yellow dwarf virus, or to confer tfesne-specillc resistance to 
dicotyledonous hosts, in which organs such as the roots are targeted by 
pathogens, e.g,, soybean cyst nematode, 
25 As used herein, "SeBV" includes any nemenveloped, baeiihfbrm, DMA- 

oontaicing hadoavirus capable of systemlcally fofeeting Sawkarum or related 
genera. Other distinguishing features of bsdnavirnses are described by Loehhart 
and Olszewski, in IMn^ad^^ Webster and Oranoff feds.), 

Academic Press, Hew York, NY (1 994)), 

30 
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As umd hfftmx, the "ScBV promoter' 5 means a nucleotide sequence 
which, when that seqsenee is operabfy linked to a preselected BNA segment feat 
encodes a ptatem, EMA tmnscrlpt, or mixture thereof, i^ults fe me expression 
of the linked preselected DNA segment, i.e.. the encoded SKA and/or protein, A 
S preferred SeBV promoter has at least about 60%, preferably at least : about W%, 
more preferably at least about 90%, and even more preferably at feast about 
95%, mxclmidQ sequence identity to SEQ W M0:3, SEQ 10 NO:4 or SEQ ID 
NO:S, Another preferred embodiment of the invention is a ScBV promoter 
which comprises the mlnimnm number of contiguous nucleotides which initiate 

10 RMA irsgaseripiion. 

As osed herein, "biologically active- means that the promoter has at least 
about 0.1%, preferably at least about 1 0% s and more preferably si least about 
25%, the activity of the SeBV promoter comprising SEQ ID Nt>;3, SEQ ID 
N.O:4 or SEQ I'D NO: S , The activity of a promoter can he determined bv 

1 5 metkKls well knows to the art. For example, see Medhetry et al , £|apt £&|t 4 
185 (1992); Medherry et «L, IkBMX 1, 619 (1993); Sgmhrook et al., in: 

No, 5 J 043 Id , 

Further provided Is an expression cassette comprising & first preselected 
20 DMA segment comprising a SeBV promoter functional in a host ceil, operably 
linked to a second preselected DMA segment encoding a protein, RNA transcript, 
or a combination thereof A. preferred host cell is a piasst cell eg., a monoeot or 
dioot cell. Another preferred embodiment of the Invention Is an expression 
cassette comprising a SeBV promoter operably linked to a selectable marker 
25 gene. Yet another preferred embodiment of the Invention is an expression 
cassette comprising a Sc0V promoter wh ich comprises SEQ ID NO A . 

The invention also provides methods of selecting stab le genetic 
tmaslbrmatisis from tmnsffsrmed plant cells and methods of producing fertile 
transgenic plants fom said traasferared plant ceils. The method for producing 
transformed plant cells comprises introducing into regenerable plant ceils a 
reeombmaut DMA segment which eornprises a Erst preselected DNA 
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comprisiiig & SeBV promoter opersMv linked to a second preselected DMA 
segmerit so m to yield tanslbrmed pells. Then a-ira&sfonn^d cell line is 
identified or sek?££e<i Exemplary traBsfbm^ion mefhoda include the use of 
Biieroprofeetiie bombardment to .Introduce & preselected DN A segment encoding 
5 a phsnoiypieally observable or detectable trait, opembly linked to the ScBV 
promote InMs^genetable mcmocoi plant cefis, A. preferred embodiment of the 
indention b .a method whereby the e&pr^ssioo of the recombinant DMA segment 
m the tr^sfqrmsd cells imparts a phenotypk qteracteristic to the tr^sJbm^d 
odls, such as herfeiside or antibiotic resistance, 
1 0 As used .heroin, the teen " recombinant BN A- seg»us*r. infers to a .nudetc 

seid> Le.v to DNA* "that bm been derived or isolated ironi any appropriate vis soe 
source and . isolated from association with other components of the cell such as 
nucleic mm m protein. The DMA may be snfese^ently chemically altered m 
vim, so Omi Its sequence is not naturally oeciinini, or corresponds to tiatimdly 
15 occurring sequences thai <m not positioned as they wonld be positioned in a 
genome whlck has not been tran^bm^d with exogenous DMA, so that it can be 
^qi*enoed ? teplfc&isd, and/or expressed 

A prefcmsd Isolated recombimmt DN A segment indmies a first 
preselected DMA segment mmptmng a ScB V promoter Amotions! amplan! cel.] 
28 fcperably tinted to second preselected DMA segnieM comprismg a selectabk 
marker gene , Another prelfemd i^&M recombkaat DMA segment includes a 
second. m ^feted DMA segment that cim^spmids to a gem that is already 
present in fte plant -geoome, or one -wHcfe.i^notnoppNily present in thspltmi 
genome, which lifers . agmnoMkally mefis! phenotyps to the plant, e.g,> pest 
25. r^Mmc^ If the preselected DNA segment is.'ndiTDaiiy present In the plmn 
g<ffi®me it may not be exposed or not highly expressed, Inns, the preseleeted 
DMA segment is Introduced so-ss.tp alter the expression of the protein, or RNA 
transcript encoded by the preselected ON A segment in the cells of- the plant 

The ievmtlon also provides & method tor prixineing a fertile tmimgenie 
30 plant, The method comprises introdoc mg a rseo^Mnasit DMA segment which 
comprises a first preselected SNA segment comprismg a ScBV promoter 



opembiY linked to a second preselected DMA ssgmem Into regenemble plant 
cells so as to yield regener&ble transformed cells. A population of transformed 
mlh Is selected or Identified m$ a fertile transgenic -p&tit is regenerated 
tberefom, The i^combinanl DNA segment is tosmltted through a complete 
5 sexual eyde of said transgeme plmit to its progeny so that it is repressed by the 
progeny plants* lMs s &e iswentlon afeo provides a transgenic plant, and seed. 
Other plant parts, tissue, and progeny plants deriwd therefrom. 

The transgenic plants of the invention include, but are not lirmtod to, a 
transgenic Til or RO plant, i.e., the fet plam regenemted from ttansfemxed plant 
1(1 cells, a transgenie XI or El plant, Le^ the first generation progeny plant, and 
progeny plants of further generations .derived. J.hereiram' which comprise and 
express the recombinant DMA segment. . M'kroprpj eetile bombaitlnient can be 
used to In traduce the recombinant DMA segment Into regenerabiemonocot cells, 
while 4gr#&^ transfer can be nssd to Introduce the 

1 5 recombinant DNA into regenerate dieot cells . 

Also provided is a transformed monocol or moot plant, the cdis of which 
comprise a recombinant DNA segment comprising a Irsf presefeeted DMA 
segment comprising a sngare&rse hacBlifonn vinus? promoter operabiy lucked to a 
second preselected DMA segment; Toe »M preselected DMA segment m 
20 expiessed in the tnmsfonfcgd cells in m mmmm that is different than the amotaif 
in the cells of a plant in which -.cctis only differ ftom the transformed cells in that 
the reeoro mn&ot DNA segment is absent Sueh eclk van Indmfc omransfemmd 
cells of the same part of the t^^lbrmed, or transgenie, phmi, in some cases. 
The second pr^dected DNA segment is expressed m m to render the 
25 transform^ plant or a part: thereof identifiable over the corresponding 
mitransforroed plant or part thereof 

The recombinant DNA segment i$ transmitted tiirough a complete jiomra! 
sexual cycle of the irasis&rmed plant to the next generation. 

Also provided is -a method compridng obifiinhig progeny from a fertile 
30 transgonic plant obtained by the method described hcremabove ■ 
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As used herein, the term *tramgenie ,? or %amlbn?ie*F with respect to a 
plant ceil, plant pari (including seed), plant tissue or plant means a plant eel!, 
plant part-, plant tissue or plant which comprises asi isolated* purified preselected 
DM A segment which bas been introduced into the genome of a plant cell, plant 
5 part, plant tissue or plant by a "'genetic engineering*' transformation method. 
That is, the genome of a transgenic plant cell ? plaint part plain tissue or plant, has 
been augmented by at least one preselected DNA segment. The term "wild, 
tj^pe, ft %ative 5 ,s; or '^ontrarssgenic" refers to to untraiisformed plant e§!L plant 
;psrt* plmi tissue or plant, i.e. , one where the genome has not been altered by lie 
10 presence of the presel ectecl DNA segment . 

The transformation of the plants in mmt&mc® with t he invention may be 
carried out in essentially any of the yarioM methods available to those skilled in 
the art: of plant molecular biology, lliese include, but are not limited to, 
imetoproj.eeti:ie, bombardi^e of protoplasts or 

15 cells comprising partial eel! wails, silicon oarMde Sber-mediated DMA transfer 
and ^gr^^cteri^^nediated I>NA transfer. Plants usefii! in the practice of the 
invention include, but are not limited to v oat, wheal, soybean, coni, tobscco, dee, 
barley, potato, tomato, Iettoc% oilseed rape, cotton, ilwt, mgm beet, sorghum, 
sunflower, alfalfa, millet and rye, 
20 loMJliami^^ 

Ftewe 1 depicts the deduced amino acid sequence (SEQ ID HQ: I") of 
sugarcane badliifa vims. 

Figure 2 depicts the nucleotide sequence (SBQ ID NO;'2) of sagarean© 
bacubfonn vims. 

25 Figure 3 depicts expression cassettes comprising an ScB V promoter 

use'Jfu] for plant ^aBsfonBation.. 

Figure 4 depicts a (A) map of .cqsMmeis used to test SeBV promoter 

eQtivlty in A. saitm. Resulting pMON755i derivatives eoBtaini^g ScBV 

cassettes 1, % or 3 were designated pScBV4, pSe8V-2 5 or 
30 respectively; and (8) map of the reporter gene region in the binary vector used 

to test is SeBY~3 cassette promoter activity in .1 ihalkma. The SeB¥-3 
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cassette was cloned into the Sail and Xb&l shm of pOCAlOl > 1 he clomt^g steps 
resulted m removal of the S£eI/SM sites . m$ the Sal i/XfeoI sites . 

Figure 5 A. $0jm m& 4> thalmm tissues stained ibrGDS activity; (A) A< 
saihm anthers* (B) A ^r/va ovaries; (C) .l th&iiam floral organs; (D) 4, sa&va 
5 spiklet; (E) 4; a&tfw stem; (F) 4 .^iva leaf; (G) 4, thaiima leal 



fertile tr^sgeBie plant with improved agrononilc properties has the potential for 
long ieno.. improvement:. in 5 . a^d expansion ol agriculture wor!d-wid^. The 
10 present invention provide oor^ituitive ami strong expression ftf tr&ssggties, e.g., 
encoding subst&oees that yield gliered agronomic or physiologic traits, m plants, 
Sxtoh transgenic ptafe, md seeds derived therefrom, cars sexually transmit this 
trait to their progeny . Exemplary !^ 

stresridetaEce, pest resistance, disease instance- (e.g. ? bacteria, viruses and 
15 ftmgi);, Improved vfeldg, improved nutritional value, a&<i improved graio 
composition or quality. 

To provide ^onstiUJitive and strong expression of tmmgenes in plants, 
plant cells, plant tissues, or plant parts, a sugarc^e badiUfosm vims promoter,, 
e.g.* comprising SEQ ID NDrS, is operaMy linked to a defined tr&ssgene* i.e., a 
20 prelected DH A segment, mtrodueed .feto re^nerable plmx cells. The 
resulting regenerated transgenic plant expresses the protein, or RN A trameript, 
encoded by the presd&eted DMA segment at a high and miform level preferably 
throughput the tissues and cells of the transformed pl ant A preferred SeBY 
promoter sequence is located between mideotkks 5999 and 7420 (SEQ ID 
25 NO:3) of the ScBV genom^CSEQ ID NO:2). A 5' no^tran^ated leader 

se^iieace is preferably coupled with the promoter. Tim loader seoneooe can be 
fmm the ScBV genome itself or can fee from s source o*herihas* ScBV, e.g. , tlie 
maize alcohol dehydrogenase first inte&n* and. tte. S f noB.4ras^!ated. leader 
sequences fern pafeia MSP 70 (White* « al a MoL Gen. Genet. 21 L 3 15 



30 (1988); soybean MP.17,9 (Rasalike fit at ; I^M^kSioiU, J& 549 (1988); or 
tnmzp HSP70 (Rodger et d.+ FMMXL Ai 541 (1986)}. 
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L Kgcipimi Cells 

The present invention, employs recipient plard cells that are susceptibly to 
tmisfoim#on. and e^bs^uent reg^aeratipn into stably transformed, fertile 
plan ts * Fo r monocof transformation &r examp l e, immatux^ embryos* 
5 merktsmaik tissue* gametic tissue, embryogetne suspension caltiires or 

embryogenlo cnltm m$m cm be employed w -a source of reoipieM cells which Is 
useful in the practice of the invention. Preferred recipient cells for the 
tmnsforimtlen of oat are oat callus cultures inMa^d fiom immature embry os, 
To provide siseh a culture of redpkra oat ceils, immature embryos of oat are 

10 dehulled .and sterilised. The embryos em incubated in liquid media overnight 
and then the embryos are excised si^d placed on. solid media, scuteltam side 
down to initiate a callus culture, A preferred solid media for initiating a callus 
e^ltmeis MS2D (see Torbert ei >L EisMiMLIISll^rM, 63 $ (1995)1. 

For dicot txansibnn&tioft, organ and tissue cultures can he employed as a 

I 5 source of recipient cell s, Thus, tissues, e.g., leaves, seed and roots, of dleots can 
provide a source of recipient cells useful in the practice of the invention. 

Cultured susceptible .recipient celh .are preferably grown on solid 
sispports, Nettlems are provided to the cultures In the form of media mid tfes 
environmental conditions for the cultures are controlled, Media and 

20 environmental conditions which support the growth of 'regenerate plant cultures 
are well known to the art, 
II* BNA S&cpersess 

Virtually any UNA composition may fee meet; for delivery to recipient 
plant cells to ultimately produce lertiie tiBBSg^ni^ plants in accordance with the 

25 present invention. The DMA segment or gene cho&en for cetluter loiroclnedon 
will often encode & protein and can be expressed m the re^dtant transfonned 
cells, to result in a scremable or selectable trait and/dr to impart improved 
phenoiy.pe' to the regenerated pi ant. The DN A segment or gene chosen, for 
celkdariMroduclion mm also encode ar&i-sense RNA ? ie, 5 complement of a 

30 predetermined RKA moieoiile, or a portion thereof that is expressed in m 

unir^stbrmed plant ceil. The trassenptian of an anfHeme RNA suppresses fee 
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expression of the com^tm&hksy .SNA, e>g< s ox>e which, encoded an undesirable 
property. Tims, s prelected DMA segment, k the form of vectors and 
piasmMs, or linear JMAftsgmsnis, in some instances -containing only the 0MA 
element i& foe expressed in the plant, and the like, may be employed. However, 
5 this msy not always be the ease, and the present Invention also encompasses 
transgenic plants teeoipdirating :mn~mpt$$m& txmmgmm^ Exemplary DMA 
sH^em&s are pmvlded in .'Tables i :5 - 2 and 3 in Weising pt.aL (Ajafi^ES^^Clsoaliv 
22, 421 (1918}). and m Londquist et ai, (U.S. Patent No. 5,484,956), both of 
which are incorporated by reference herein, 
S O In certain embodiments. It is contemplated that one. may wish to employ 

replfcaUon-oompeieot viral vectors iiipiant transfoimation, such as 'those which 
can be employed for com tmnsformatioriv to transfer the preselected DNA 
segment into plants, Siieh vector include, for example,, wheat dwarf vims 
(WDV) "shuttle" vectors, such as pWlA l -mi PWl-GUS (Ugaki : « at, Hl&L 
! 5 Add lM^ IS, 39! (1991)}. These vectors are capable of autonomous replication 
in mm cells as well as &> coiL and as such may provide increased sensitivity for 
defecting DMA deli vered to transgenic non-corn plant ceils. 

A repiicsiing vector may also be useful .'for delivery of genes flanked by 
IMA mqutnms from tmnsposabSe elements such Ac, Ds;or Ma, as these 
20 elements would actively promote integration of the desired DNA and hence 
Increase ths frequency qf stable transformatiofi. It h also- conteEiplaied that 
transposahle elements would ha u^fblto introduce DH A fmgments lacking 
elements necessary lor selection and maintenaiice of the pksmid vector 'in 
bacteria, e g,, antibio£k resistance gene s and origins of D&S A replication, 
2S DNA useful for hittoduetion into plant cells i eludes that which has been 

derived or Isolated from any source, that may be subsequently chaxsclerized as to 
structure, size and/or . ftinetion, chemically altered; and later introduced Wo 
plants. An example of such DNA "isolated" ftom & soorce would be a usefbi 
DNA sequence that is excised or removed from said source by chemical means, 
30 e.g., by the use of restriction mdooueieases* go that it cm be further 

nianipulated, e>g, ? separated or amplified, e g., via polymerase chain taction 



n 

(FCEl for ose m ths mventlon, by the . methodology ofgeaelsc engsneering- 
Recovery or isolation of a given fragment of DMA torn a restriction digest caa 
fei&pl&y ' separation of the digest on poiyactylamlde or &gmx>sc gal hy 
dectrophoresis, Ideniifioaiion of fee tl^gmsisi of interest by comparison of its 

5 mobility versos that of marker IMA fragments of kisown molecular weight > 
Miwal o f the gel section containing the desired fragment and separation o f the 
gal from DMA, See Lawn ei aL. M&cleic Acid^ Res., 61 03 (1981), md 
Goeddol et at, % 4057 (Wmi Thus, DMA m "isolated" m 

that itis fee from at least one contmTJiilating nuofeie scid 'with which it is 

1 0 potmm mosmm in the natural source of the RHA or DMA and is pr^iembly 
wbsiantially fee of -any other mammail&n SNA or DNA, The phrase "free from 
M least one eomammatmg source nucleic acid with- which it Is normally 
associated"' includes the ease where tkm mideie acid Is reintrodooed Into the 
source or natural eel! but is in a diife?^Bt chromosomal location of is otherwise; 

1 5 Hanked, by imclmQ mid smumcm sot mtm&l ly found in the source cell 

An- example of DMA "denyed" from a source, would bo a DMA sequence 
or segment that is identified as a usefbl fragment within a. given organism, md 
which is then eliemtcally $yathe$ix;ed in es^nti&ily pcrs form, llierefare^. 
"recombinant or preselected DMA'' includes completely synthetic DMA 

20 ^q^sooes, semi-synthetic DNA sequence s v DNA sequences isolated from 

biological soirre^ and DNA sequences derived from RNA, as well as mixtures 
iheroot 

The introdueed DMA includes, but is not limited to ? DNA from ptmi 
genes, and non-planl genes such m those from bacterid yeasts, animals o? 

23 viruses. Moreo ver > it Is within the scope of the invention to isolate a preselected 
DMA segment item a given plarii genotype* and to subsequently introduce 
multiple copies of the preselected ON A segment -into: the same genotype, e,g^ to 
enhmiee production of a gken gene product. %e Introduced DNA can include 
modified genes, portions of genes, or ehimerk genes, inciuding genes from the 

30 sa-ine or different plant gmotypc. The term "chimeric g^oe" or. Chimeric DMA" 
is defined as a gene or DNA sequence or segment eomprislug at least two DMA 
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mqmmm ox segments from species whkb do notcombine DMA umier natural 
conditions, or whklvDMA sequence or segments are posMoeed or linked in a 
manmsr which does not normally occur la the native gemmxe of the 
untr&nsfotmed plant, 

5 The;intm.duc^ DMA used lor transfbrmMon Mram may be circular or 

linear, aouMe-siranded or s.mgJe>str^id#, Generally, the DMA is in the form of 
chimeric DNA, such as plasmid DMA, that can also contain coding regions 
fimted by repilalory sequences which promote the expression of the 
r^ombmant DMA present m the f^ltant.plwL 

1 0 Generally, ths introdwed DNA will be relatively small, i e , t . lorn than 

about 30 kb to minimise any susceptibility to ''physical, efemtes!, os- enzymes- 
degradation which is known to increase as -the- size of this DMA mops&se^ As 
noted above, the mimbe? of proteins, .UN A tr^cripts or mixtures thereof, 
encoded by the DNA molecules which arc introduced into the plant 

IS pmfen&iy preselected ::.and defined, e.g., front one to about -5-1 0 soeb pm4nm M 
the introduced J3N As may be fenced 

expression cassette of the invention can -comprise a rseombina&t 
DMA molecule containing $ prelected DNA segment- opo&bly linked m a 
20 ScBV promoter fenetiouai in a hos t eel L preferably a plant cell. Preferably, the 
€&p*&3$km cassette itself is chimeric^ the cassette comprises DNA fern &i 
least two ffifktmt Bptcw% or comprises DM A from the same species* which is 
linked ..or associated in a m$ns&r which does not occur m the 'Imtive 55 ®t wild 
type of the speefes. 

A promoter k a region of DNA tfe&t i^gutetes gene expression, Promoter 
regions are typically fmtxd in the flanking DMA sequence upstream from the 
coding seqnerjce in viruses as well as pmkaryotic and eukaryotte cells. A 
30 promoter sequence provides for regulation of transcription of the downstream 
gene sequence and typically inc!^desik>m about 50 to about 2^000 imekotide 
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base pm& Wmmoim mqvmms zm also -eonteih reguls^ty seqisesK^s as 
ath^cer seq^nces that cars mflbma&the level of gene expression. Some 
isolated promoter seqiser*ces -can provide for gene expression of heterologous 
DNAs, that is a ONA different from the native or homologous 0N A . Sfromote? 

5 s^ueness are .also known to be strong or weak or inducible. A strong promoter 
provides for a high tevsl of gene expression, wfereas a weak promotei provides 
for a very low level of gene e>cpre^|op> An feasible promoter is a promoter 
&at provides for turning on and off of gene expr^ssionin rs^poose to an 
exogemusly added agent orio arr envsronmeMal or developmental stimuias; 

10 Promoter can also provide For tissue specific or developmemal regidMion> An 
" Isolated promoter sequence that w a strong promoter for heterologous IIMAs Is 
.aclvarmigeo^ because it piwicies ibr a sufScfent level of gene expression to 
allow for easy detooilon and selection of ir^stbtmed cells and provides for a 
high level of gene expression when desired. 

1 5 The DMA molest? ie of the invention comprises a preseteeted DMA 

segment comprising a gisgm^sne bafcillifarm virus (ScBV) prornot^r, SeB V is a 
parargjtroviri^, In general, paramrovk^es have .a pK?rpoi^r that directs 
transcription of m KNA transeript that serves as both a template for rep!katk*n 
of mo vfei genome and as mRM A. During repiieation of ths circular double 

20 stmnded viral DNA> the 3 r end of a host tRNA Binds near the 5 ? md of tfe ScBV 
tmnsoript so . as to prime DNA synfesls by the vfe&fly encoded reverse 
tHmserf ptase, Thus, m geoerai «, SeB V promoters are positioned 5 J to fee iRNA 
binding she and 3* to the 5 = half of the third opers reading frame (ORF III) in tfee- 
vimt genome. Promoters from ScBV isolates can be prepared by pinifymg 

2S virions m&tot vml'BUA by methodology described in Bouhida eta! (supra), 
and tho promoter region closed using niethods well known to the art, e.g., 
seining a SNA expression library generated by lighting ScBV vim! DMA 
fragment with a screenable marker gene. In the alternalive, a ScBV promoter 
can be amplified from vim! OKA ustog a degenerate primer, e f g. ? BADNA T 

30 (Lockhart and Olszewski, In; Proceedings of INI B AF Conference on Breeding 
BaBana and Plantains for Pest and Disease, pp. 105-1 0 (1994)) a^d a primer 
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that hybridizes to a conserved region of the viral genome, e,g V5 the tRNA bidding 
ate or the DM A which encodes the viral r&plic&se. 

A preferred embodiment of the invention Is an isolated and purified DN A 
oiolecuk comprising a preselected ON A segment comprising a SsBV promoter 

3 composing SEQ IB NO:3, SEQ ID N0:4 or SEQ ID NO;5 > or a weteertide 

seqamee variant thereof (see below). It is also preferred thai the S&BY promoter 
■containing DNA excludes sequences that inhibit or iotsrfens with translation of 
the KN'A mmseript generated by thc-SeBV promoter, eg>> the EbIA transcopt 
has a High degree of seeondarv structure or -encodes potential start (A1XJ) 

10 eodom. 

A preselected DNA segnseM can be combined with the SeBV promoter 
by ata^dard methods as described m S.smbrook et ai, In: ,M^l^ykr.€to^ing • A 
iJMMmxM^Mi, Cold .Spring Harbor (19S9|i Briefly, the preseleeied DNA 
segment can .be subelosied downstmam Iroin the promoter usfeg restriction 
15 enzymes to ensure that fee DNA is inserted in proper orientation with respect to 
the promoter so that the DNA can be expressed. Once the preselected DN A 
sspr^ot & opembly imked to the promoter, lbs e^pi^ssjon cassetlo so formed 
can be sufectos^d into a plasmfcl or other vectors, 

20 bludsfc acid nsolectsles- ^ttcodteg nucleotide sequence variants of the 

SeBV promoter comprising SEQ ID MO:% SEQ IB NO;4 or SEQ iJ>ND;5, and 
the Bte ? ego fee prepared by a variety of methods kaicwn in the art Ite^ 
methods include* but are not Mmited to, isolation ft-oova n&Uir&l source (m the 
esse of naturally b^oiirrmg : mssteotsde sgqtsetiee' vmia^ is s «ug, ? from other isolates 

2 5 of SoB V ,, Isolated from infected plant, material) or preparation by 

oligooceleotlde-mediated (or site <lir&cted) mutag^^k, PCR mmage^esls, and 
cassette mutagenesis of an: earlier prepared variant or a non- variant version of the 
ScB¥ prooioter, 

Qiigonucleotlde-niedbted mutagenesis Is & prefeed method for 

30 preparing eoekotl<le substitution variants of lie SoB ¥ ^noter. This teclmique 
is well bown in the art as fesmkd by Ade!m&n et al s DN A. 2, 1 S3 0 983). 
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encoding the imimd xm^Mlon to a DM A template, where the template i$ the 
single- stranded form of a pl&smid or bacteriophage containing tl>^ unaltered of 
n&tiwDNA sequence of the SeBY promotet, After hyMd&ation, & DMA 
5 polymerase Is iised to. synthesize an entire mmxvd complementary strand of the 
template that will thus: incorporate the oligoi>i^ieotlde primer, and will code tor 
the selected: ^1 taratkmin. the: SeBV promoter, 

.Generally, oltgoaacleetsdes of ai least 25 nucleotides in length are used. 
An optima! qiigoniicieDtid^ will havs 12. to 1 5 nucleotides that are completely 

I D compleniem^y to the template on either side of the nodeatide(s) coding for the 
mutation. This ensured that the oligonucleotide will hy bridize properly to the 
smgk-stranded D3MA template mokente. The oligonucleotides are readily 
symhesked ^$ing teektiqaes town in the art such as that described by Crea et 
ah, El^JML^^ 25, 576S (1978). 

1 5 The DMA template can he generated by those veetors thai are either 

derived &om bacteriophage Mi 3 vectors (the eammerdaliy available MI 3mpl 8 
and M ! 3mp 19 vectors are suitable), or those vectors that oontaln a single? 
stranded phage origin of replication as described by V'tens et ak M^i^ia&ISSi 
Ml, 3 (1987); Thos, the DMA thai k to be mutafei may be insetted into; one of 

20 these vectors to generate slngle^tra^ded template. Production -of the single- 
stranded template is described in Section 4.21-4,41 of Santbrook- ei at* 
MoJ^^ (Cold Spring -Heritor Laboratorv 

Alternatively, single-stranded DMA template May be generated fey 
25 denatming donhle-atranded psasmid (or other) DMA ushig staodard techniques, 
For aiteratbn of the native DN A sequence, the oligonucleotide fe 
hybridised to. fee smgle -stranded tgmgiate under suitable hybrsdi^aiion 
conditions. A ONA poly meriting enzyme, usual ly the Elenow fragment of 
BNA polynierase I, is then added to synthesize the complementary strand of the 
30 template using the qliganaeteoikle as a primer for syn&esfe, A heterodnplex 
moleenie is thus formed such feat one strand of DMA encodes the mutated form 
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of the SeBV promoter, and the other strand (the origins! template) erodes the 
native, unaltered sequence of the S&8V promote?. This lleteroduplex moleeute |s 
then i^sformsd Into a suitable host ce!L usually a pmfe&rj'ote such as £ caf* 
1M3 0! . After the cells ars grown, they are plated onto iig&rose pistes and 
5 screened using the oligonucleotide primer radiolabeled with 3 2 -phosphate to 
idmtHy tim b&eteiaf colonies that contain the mutated DMA, The mutated 
region is then removed m& placed in an appropriate vector for protein 
production, generally so ^xp^ssion vector of the 'iyi^^typicaUy-empioyM for 
ira^formation of an appropriate test; 

10 The method described immediately above mav be modified such ilmt a 

•homdduplex molecule is created herein Ixtfh^iramis of the pfesmid -.gontam the 
muiatiom(^). The modifications are as follows: The single- stx^dod 
oligonucleotide is annealed to the single stranded template as described above. 
A mixture of three deoxyribonu^ (dATF),. 

1 5 deoxy riboguanssine (dGT FK and deoxyribot%mk!toe fdlTF) , is combined with 
a modified tbiodeoxynho^ can be obtained from 

the Amersham Corporation). This mixture b added to -ttw template- 
eiigonueleotide eomptex. Upon addition of ON A polymerase to this mteure v a 
strand of DBA identical to the template -except for the mutated bases is 

20 generated. In addition, this new strand of DMA wilt contain dCTP<aS) instead 
of:4GTF, whicfe se«s to protest 

After the template strand of the doubte^tmnded heterodnpkx Is nieked 
with m\ &pp\t$gngi§ restriction easy me* fee template ^raitd ean .be digested with 

25 siie{s) to be muiagenized. "this reaction is then stopped to leave a mokeole that 
is only partially single-^iraBded. A complex double-stranded DMA homodupMx 
is then formed using DMA polymerase m tim presence of ail four 
deo>cyrlbonooleotl<le triphosphates, ATP, aad DMA. ligase* Tim homeduplex 
molecule can then be trai^foroied into a suitable host eel! such as K mli JM10 L 

30 Embodlmems of the invention 

molecule comprising a preselected OH A segment comprising a SeBV pmmoter 
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comprising SEQ ID NG:3, or nueleotideseq^ee mtaa&vfSEQ! ID NG:3 
vAnth do -not reduce the biological activity of the p5X)m0tsr. 

A. preferred embodimmt of the inv^sntion provides a method for the 
5 introduction of a preselected DMA segment into fertile plains, which, when the 
preselected DMA segment is ^xpress^l : from the S&B V promoter in the plant, 
confers ^ desirable agronomic property to the plant Such 0NA segments or 
"genes" are disclosed, for example in Lu^<Jqui§t et aJ. (U.S. Patent No. 
5,484,956}, IM^st et al, (U S; Patent No. 5508,468), Dohres (iniemaoomu 

10 application FCT/OS95/1 3 231} and by K. Wmmg et aL (Ann. Rev. : OM, r jg, 
42! (Htt3t£r Kb Tables-] > 2' and 3},. all of which .areinoo^pemted by reference 
herein. Hoover, the ps^sent invention Is not limited m scope to preselected 
ON A segments which encode a desirable. agroD-Omic property, as ma^y : otte 
preselected DMA segments which encode proteins or RKA traMeiipts thai confer 

1 5 desirable ebameleristtes to pkMs axe within the scope of ike Invention, 

Preferred agronomic properties encoded by tte prescieclerf DN A segment 
memde, b^t are riDt limited to, ixisest distance or to!emnee> herbicide resistance 
or toi&mnce, disease resistance or tofcmnee (eg, /resistance to viruses m fungal 
pathogens), stress tolerance (increased salt tolemnce), improved food content nr 

20 increased yields. For example, genetic studies have shown that for a ptot to 
resist election by & pmumlw plant pathog en, the -plant nmst have a resistance 
(E) gene which imeraots directly or Indirectly wltS .a single avinilenoe gene 
which b present in the genome of die pathogen, Thns s the hnroducdon a 
preselected DMA seginent costtprising & i? gene Into s plint which laeks the if 

25 gene can confer resistance to that plant to a pathogen which expresses the 
eorrespending; avr gene. 

Enhanced resistance to fungal Infections may be obtained by introducing 
a :prese!edBd DMA. segment wMeh encodes a pathogenesis rel sited (PR) protein 
into a plant PR proteins are proteins which arc synthesis fey cereals In 

30 response to m&cdnn by some p&tho^ (Ssotc Allitrsl^kn Plant Path., 

21, 154 0994)). 
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Enhanced resistance to viral infections may be obtained by introducing a 
preselected DNA seginent encoding a viral coat protein mm a pla&t For 
example. Nelson, ei $h plcvtechnol,. & 403 (1988)) disclose feat the oppression 
of the tobacco mosaic vims (TMV) coat protein fe a tomato plant confers 
5 tolerance to tie plant to TMV- and to tomato mosaic virus (ToMV), a vkos 
related to TMV, Clark et aL (Intamational appIicMon PGT/BP92/0300I) 
disclose that expre^slan of mafee dwarf mosaic virus coat pmtem m com 
resulted in plants which e&htBlted reduced disease symptoins when exposed to 
the virus, 

10 Vaeek et al. iNatore. 328. 33 (1987)} disclose fet the expression of 

Bacillus tktirigeneMs (Bt) endotoxin genes in tobacco rendered those plants more 
tolerant to Insect ioiest&lkm, Lundquist et al (U.S. Patent No, 5,4.g4,95-$) 
disclose that expression of genes encoding Bt endotoxin can impart teect 
resistance to trar^geme ni&ize* 

I S Moreover, it is envisioned that more thaa one pm^ected DNA segment 

can be introduced into aptat. For example a pmsmld whi eh contains a 
s^Ieet&bis marker gens (see below) arid a gene which confers resistance to a 
particular virus, e.g., barley, yellow dwarf vims, can be Introduced into 
tegenerable plant ceils. 

The expression cassette can also opttonaHy canton other DMA 




In order to improve the ahnity to identify transfbn^ants, one may desire 
25 to emplov a selectabte or screenahle marker gene or in. addition to, the 

expressible preselected DMA segment, "Marker genes" ate genes that impart a 
distinct p&motype to eelb expressing the marker gene mid; ttas allow such 
transformed cells to be distmgobbed from cells that do 3m have the marker.. 
Such geoes may encode either a selectable or ^creeBafcle marker, depending oh 
30 whether the marker confers a ixmi which one can defect for fey chemical means, 
i.e., through the ose of a selective a gent (e.g. i a herbicide, antibiotic , or the like), 
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m whether it is simpl y a trait feat one ^ or testing, 

ke.> by 'sending 5 (e;g» ^glaotomda^), Of course, many examples of mutable 
marker genes are taom to the art . and cm\ be employed in the pswtiee of the 
invention. 

5 I neliided within the tenns selectable or scseehabie marker genes are also 

genes which encode a ''s^xetable marker* whose seereiion pm be detected as a 
means of identifying or sefeai^g for trm^fomisd cells. Example include 
markers which encode a saereisble antigen that can be Identified by antibody 
interaction, or even seeretshle enzymes whfch can be detected by their catalytic 

1 0 activity. Secretahie proteins, fall into a number of classes, ineUKfing small, 

diffusible proteins detectable, e.g> s by EUSA; small active eimymes deteet.aWe in. 
emnmlM^ mMi&n (e,g, v ^-asnytee, p-laetamase, pbosnblnotbdein 
acety ltrai^sferss^); and proteins that are iosened or trapped in the cell wall (e.g«, 
proteins that inelnde a leader sequence soch as that foimd in the expression unit 

1 5 of extensin or tobacco FR-3). 

Elements of the present discloses are exemplified in detail through the 
ose of partkuiar marker genes, however in light of this disci bspis* numerous 
other possible seiectabJe and/or ses^enable marfeer genes will be apparent to 
those of skill in the art in .addition to the one set forth bardnbe-idw. Therefor it 

20 will be understood that the feilowing discussion b ^xempl.ajy rathe? ihm 
exha^hm hi light of the techniques dlselosed herein and the general 
recombinant teeknques which are known in the the present inv^ntioil aiders 
possible the mtmduciion of any gene, mdodiog mar&r genes, into a recipient 
cell to generate a transtbm^ed mo^ocot> 

25 L Selectable Markers 

Possible selectabie markers for ose In connection wsth the present 
invention iociode, but are oot limited to, a nm .gs&e (Poitykm et &L , MoLfit^. 
■Genet ,199, 1 S3 ( I W 5}) which.: codes; f of kan&myem resmanee -mA'cm be 
selected for using ksnamyem, G418-, and the like; the npi H gene which encodes 

30 paromomyehi i^ssstance; the hyg gene which eneodes hygs^myein B resistance; 
a. bar gene which codes ihr hialaphos resistance; a gene which encodes an 
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altered BPSF synthase f>mt em (Hmohee et al,, Bioteck.,4 -915 £1988)) thkS 
eontening glyphosate resistance; a nitmase gene such as hxii fzom KlehsMh 
ozamm which confers resistance to hromoxynil (Stalker et &W Science, . 419 
(1988)}; aismtaat aeetotetetste s ynthass gene (ALS) which confer ^sma&ee to 
5 imidaEolinone, snlibnylnrea at other ALS-inhihltmg chemicals (jgqtopean .Patent 
Application 154,204, 1985); s meto^ &L, 

Mly 12500 (1988)}; a dalapon dehalog^nase gene that confers 
resistance to the herbicide dalapon; or a mutated anth&mitete synthase gene thai 
confen? resistance is S-methyl tryptopte. Where a mm^t EPS? synthase gene 
10 is employed, additional heneSt may fee realised throogh the incorporation of s 
suitable chlo^pisst transit peptide, GTP (European Patent Application 
0,218571, m~% See also Table T of Lirndqnist et ah (ILS, Patent No, 
5,484,956). 

An liliistrati ve embodlmeT}! of a selectable marker gene capable of -being' 
1 5 used to select traB^fermants is the gens that encode the msyme 

phosphmothricm acetyltr^nsferas^, such as the M? gene (s«e Soniers et hh y m^a 
(1 992})> The exi^ymepliosphlnoihricin acetyl transferase (PAT) inactivates the 
active ingredient in the herbicide Maiaphos, phosphinothricin (PPT), PPT 
Inhibits gtoamme synthetase,. (Murakami et ai 5 MaLSl^kfigl^ MS* 42 
20 (1986); Twell et al 5 Ei^PfeisL 2L 1270 (1989)) causing rapid accumulation 
of^nmonb cell de&th> 

2> Ssmmrnbls Markers 
Sereenabie marksra thai may be employed melude 5 hut are not timhed to, 
a p-gl^mm>nidase or umA gene (GIJS) which encodes enzyme for which 
25 various ehromogenic substrates are known; an R~tosus gene, whica meodes a 
product that regtilates fee productiorVof anthoeya^in pigments (red color) in 
plant tissues {Dellaporia ei ai >; m QMaixmmmM^mM^Bmmm^ PP< 263 ~ 
282 (1983)); a p4aetamase gene (Suteliffe, 3737 (1978)), which 

eixciKies an gi^yme tor which various chromog^Hle snbstmtes known (eg,, 
30 PAD AC $ a chromogenic cephalosporin); a %)dEgmt (Xuko wsky ct al , FNM 
ML 1-101 (IMS)) which encodes a catechol dioxvgenase that can convert 
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■chromogenfe-<^eehote; an &~m®te&& gem {Ikista et &L Biotech,.. 1, 24 1 (1 990)}; 
a iymsiuase gens (Kmz et si, I J^MIoml^ jg& 2703 (1983)) which 
eoeodes an myme capable of oxidisdng tyrosine to OOP A mi dopsquinone 
which in turn condenses to form the m$tly detectable compound melanin} a 
5 gakc tosidass gene, whifch encodes mi e&syme tbr whkh tee are ehromogeni c 
substmtes; a locifems^ (taftgens (Ow et ah, Sdenee. 234, 856 (j 986)), .-which 
allows for biokimin^scejica detection, or .even an "acquorin gene (P^her .gt &L 
Blodiem . Biopliy^ Rgff» Comm. 1 M. 1259 (198 J)), which may be employed in 
eslchjm-sensiiive bioltim-ihesc^r^ detection, or g green fluorescent protein gene 

10 (Niedz et al ? Plant Cell Reports, I& 403.(1995)). 

A Mkr screenafete, marker contemplated fot use in the present invention 
is firefly hicsferase, encoded by the ism gene. The presence of the $m gene m 
transformed cells may be detected using, for example, X-ray film, scintillation 
counting, ftmre^cent spe^txophoiosmetij^. low-light video cameras, pb&t&n 

1 S counting c&mems or muhlwel ! ImninomeiTy , It is also environed th&l this 

system m&y be developed fm popxtimoml screenteg for blolumlnescence, such 
as on tissue culture plates, or even for whofc plant screening. 
!>>• Other Sequences 
lYanseription enha^ieers ot duplications of enhancers can be used to 

20 increase expression from a p&riicuiar promoter, E^ampies of Such enhancers 
memde* but are not limited xp s elements &om the CaMY 35S promoter and 
ectopias synthasr genes (Last et sL } IXS, Patent ftio, 5,290,924, issued March ? y 
1 9.94). It is proposed that - the • tise of an e&h&$K^r element^ such as the ocs 
element, and paxticolasiy multiple copies of element, will, act to increase the 

25 level of transcription from adjaceat promoters wben applied, in the context of 
pi ant transfbnnation. 

As t&e DN A seqtieoce masted between the tt^sc-ription initiation site 
a^d the start of the coding sequence* i.e., the ontranEiated leader sequence, can 
Influence gene expression, ooe ca^ also employ a particular leader sequsne^. 

30 Ftefenre<i leader sequence include those which comprise s^queBces selected to 
direct optimum expression of the attached gene, ie. s to include a preferred 
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consents leader sequeBce whlelt cm Increase or maintain mRHA stability and 
prevent m^pmprnm Mim&m altrm^m (MM, BM^MM^ IS. 6043 
(1 98 ?}}, Such sequences are km>wn to thase of skill m the. art. However, some 
leader sequences, e.g., the leader seqw&oe of "RTBV* have a high degree of 
5 secondary striictiire which is expeeted to decrease mRE A siafcil ity &&d/or 

decrease translation ofthemKNA, ll^iis, leader sequences which do. not have a 
high degree of secondary simcmre or which haves high degree of secondary 
smictt^e whei^e ih% smondmy^immm does not mhiMt mRKA staMlity aad/or 
decrease IrsosMior*. or leader sequences that are derived fem genes that are 
1 0 highly expressed in plants, will be most preferred, 

Regulatory elements sooh as Adh intron 2 (Gaihs et ah, ff:^g_Dev^|> :r 
X 1 1 83 0 sUciosfc synthase mtron (Vasil et al> Fl^a^fcl^ it, 5.1 75 
(1 989}} or TM V omega element (Gallic ah, XMJiiOliMl h 301 (1989)) can 
also be included where desired Other sucfe regulatory el«mt$ useful m the 
I S practice of the Invention are town to those of . skill mtbe art. 

Additionally, expression cassettes can be coEStmoted and employed to 
target fee gene prod uct of the -preselected DNA segment to ;an mmrceiltilar 
compartment within plant eel Is 'or io direct a protein to the extracellular 
etwiroBiBent, This can generally he achieved by joining a DNA sequence 
20 encoding a transit or signal peptide sequence to the coding sequence of the 

^selected DMA segment, The resultant transit, or signal, peptide will ireraspoii 
the protein to a paitleiiiar Int^sellcOar, or extracellular destinations respectively, 
and can than Be post tremi&tionally removed, Transit or signal peptides act by 
feeilitating the transport .of protemH through iatraeellular membranes, e.g., 
25 vacuole, vesicle, plasiid and mitochondna? membranes, whereas signal peptides 
direct proteins through, the exmicellukr membrane. By feeiflMmg transport of 
the protein into compartments inside or outside the cell* these sequels can 
bereave the .accumulation of gene product 

The transit or sigml peptide eneoded fey the preselected: DNA segmfeat 
30 tim he directed to a partkeia- organdie, such as the ehloropi^t rather than to the 
cytoplasm. Thus, tho expression cassette em further comprise a shioroplasi 
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irsBsli peptide encoding DMA sequence operably linked between a ScBV 
promoter and the preselected DHA segment (for a review of ptestid targeting 
pepta<^.see Heifne et at, J^l,^kQlmiiL ? 1M ? 535 (I9S9)- Keegstra et al>, 

5 by the use of the rfcS (RuBI SCO) ir&mlt peptide which targets proteins 
spseiSc&Ily to piastids. For example, see Glassmm et a!,, U.S. Patent Mo. 
5 ? 258 5 300> 

It may be useful to target DMA Itself withfe a cell Far example, it may 
be useM to target an Introduced preselected DM A to the nucleus as this may 

1.0 increase the- frequency of tras>$foroatten, Within the mjcleos itself; it would be 
useful 16 target & gene m order to. achieve slte^peciilc integration. For. example,. 
It would be useful to have & gene mimduo^d through trai5slbrnimIon replace m 
mimn% mm m fee cell 

When the expresgloo cassette is to be introduced into a plant cell the 

15 egression cassette .can also opikmally include 3 ' nontransJated plant regulatory 
DMA seque&ees that act as a signal to terminate tm^edptio^ and allow for the 
poiyadenylation 0f the resultam mRMA. The 3 V nonteuslaied regulatory -"DM A 
sequence preferably Includes from about 300 to l,O0O nucleotide jbase pairs and 
contains pant trameriptionai and trasislat^ona! tentihiatiqn sequences. Preferred 

20 3 ■ elements axe derived from those from the Bopahne sy nthase gene of 

Agm&mtenmn mmefacims (Bmm et JUL 369.(1983.}), the 

terminator for the T? transcript from the ostopine synthase gene of 
Agmbmferiwtt tum^faciem, md the 3 ' end of the wote&se inhibitor f or II gepe* 
from potato or tomatOv although other 3 elements Icoowrs to those of skill in the 

25 art can also be employed. These 3 - noBtrm^slated regulatory sequences be 
obtained as described In A% MMl^^il £^ 292 (1987) or are 

already present in plasinid^ available from commercial sources such as Clomeck 
Palo Alto, Cali&niia, The 3- nomransi&ted regulatory sequences can he 
opembly linked to the T terminus of the preselected DMA segment 

3 0 An expression cassette can also be immdueed mi® m expression vector, 

such as aplasnrid. Plasmid vectors include addition! DNA sequences that 
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provide xor easy selection, amplification, arid transformation of the expression 
c&ssetie m uwkmrymw and eukaryotb ceils, e.g., piiC-derivM vectors, pSK~ 
derived vectors, pGEM^enved vectors, pSP-derived vectors, or pBS-derived 
vectors T&us* additional t>NA sequences include origins of replication to 
S provide tor "autonomous repiicaiioa-ofthe-vesitori ^elec%hle marker genes, 
pi^feraMy encoding antibiotic or herbicide resfetaiK^e. onique multiple clonmg 
sites pKwIdmg for multiple sites to mmi i>NA seq^rtc^s or genes- encoded in 
the expr&ssta cassette; and seqiiences that e#*&scc trm^formation of 
prpfcayotfc and eukafyptic cells. 

10 Aomter vector feat is usdful for expression in both plant aod prolraryotlc 

ceils m the binary Ti piaffe! (as disclosed m Schllperomt et U:S. Patent No: 
4,940,838, issued July m t 1990) as exemplified fey vector pSA;582, This biiuny 
B pk^msd vector has beers previously ehamctmzed by An and is available from 
Dr. An (see ^ & binary H vector 

1 S cm be replicated in pmkmy®tiz bacteria meh, m E m& Agm&acterium, The 
Agro.hmterfum pfosmtf vectors em be tted to trss^fer the expression cassette to 
plant cells. The bisrarv Ti vectors pre&mMy include the nopaline T DMA right 
and kit borders to provide Ibr emdsM plant ceil translation, a selectable 
market gene, xmloos multiple ctoAg sites in- the T border regions, the c^ffij 

20 replication of origin and a wide host n^ge Teplkan. The Hmxy Ti vectors 
carry kg .expf^bn cassette of the invention ;« be r&sd to transform both 
pmferyotie and ouksiyotic ceils, feel is preferably used to transform plant cells, 
pi; B«AI>elbw 

The exprc^i cassette or vector ig then introdoced into a recipient cell 

25 to create a transfoimed cell For she inimduciio^ of an expresskm cassette into 
plant coils, feq^ency of occurence of plant ceils reviving DMA. is be 
believed to bo low, Moreover, it m most likely thai BOi &U recipient cells 
receiving DMA segments or sequences will resmt in. a transformed' cell w&erem 
the DMA k stabl y integrated into the plant geiiome and/or expressed. Some day 

30 show only initial and transient gone expression. However, cetlam ceils from 
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virtually any plant may be stably timsfofm^ .a^d these cells regenerated into 
m^isgenfc plants, 

A preselected DNA segmmt may be delivered into plmi cells or issues, 
or prokaryotk or md^ryotb iion-pfent sells, feyeorreMfy available methods 
5 including* but not limited to, protoplast tramfdrmatioh,.ttmgMen whiskers 
(Coffee et sU«, US, Patent No. S,302,5Z3/issued April 12, 1994), directly by 
mfemo^gamsms with infections piasmids, infectious vimses, the we of 
liposomes, mierolnjmlon by mmhmiml or l&ssr ba&m method^ by whole 
chromosomes or cfex>mo§dme fragments, ekctropomlon, silicon carbide fibers, 

1 0 and mteroprqieetite bombardment . A preferred embodiment of the in venhon 
.accomplishes- the inUoductk^ of a presel^eted DMA segment mto monoeot cells 
by methods of^msfermation especially effective for monoeots, which include 
but is not limited to, microprojectite .hombanfcwait (see Umdqpist et al, U,§, 
Patent No< 5.531877). 

1 5 li^rod action and expression of foreign genes in dieotyledoncms {broad* 

leafed) plants smdi as tobacco, potato M>d alfelfe has been shown to be posdbk 
using the T~DNA of the tumo^fedociog fit) piasmid ^Agmhrnterium 
tumefyaem (Sec, for example, Umbeefc, U.S. Patent No. 5,004,863,. and 
iniemational apphsatfeo ?CmJS93^)2480). ihum rwoMfemani DNA 

20 tec&iqocs an4 bwtmal genetics* a wide variety of fomgn DMttmN 

msorted into T-DNA in A^obmterkmv Following Infection hy the bseiennm 
eomammg the recombinant Tl pl&snrid, the fo^igiv DMA is inserted mto the host 
plant chromosomes thus prodding a pn^isaiiy mgineerM cell smd eventual!^ 
el P: one tics Hv ones i ne&r e<l plsnt. A- second EOpro&e^i is ' to- fetTo&ioe -'root^incl^c^ 

25 (Ri) pi asm ids m the geoe vectors . 

Dieots are sosoeptlble to trai^fonBation by Agrobmterium-. Recently, 
rice- and - oam, - which .are monacois,. h&ve been shovm to be snseeptible to 
ir^fanBatiotv "by Agmbagferhm m. wdL However, many oth^r important 
moaocot stop. pUnis including .wheats barley, oats, sorghum* millet, £md rye have 

30 not yet been sucemMIy tmasfomied by Agrabamriwn, The 11 pktsmid, 
however, may bo mampolated in die future to act as a vector for thene other 
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mommiplmu. Additionally, using the Tlplasmid as a mode! system, it may be 
possible to aniSektih? construct imnsibmmnnu vectors for -these jsknts, TJ~ 
plasmids might also fee Introduced into mo&ocot plmin by artificial methods &mk 
m mlcmmj^im, of fmmn between monoeot protoplasts and bacterial 
S spheropi asts c&m&lmng the T~regioo, which can then be integrated into the plant 
nuclear DN&* 

Other tensfprri^tkm. methods for dteots include the leaf disc method of 
Rbfcgeh el al 1229 (I9S5)) and asMaptsd by Fry et a£. (Haoi^Mi 

E^E&s -fL 321 (1987)) fer Brmma mpus. 
10 IV v Prssi&ctson and Cfear^€t : erk§itl0is : of Si&bie Tt&^ger&ie Pts&is 

After ei&clmg delivery of a preselected DMA segment to recipient cells 
by any of the methods -discussed above, the next steps of the iiwention generally 
involve Id^ntifymgtS^e transformed cpite for forther culturing and plmt 
regeneration, M mentioned above, in order to toprove the ability to Identity 
1 5 trms&tmants, one may emptey a selectable or scfeenabk marker -genes as, or in 
addition to, the expressible preselected DHA segment In this ease, one would 
then generally may lbs potmn&% \transtbrmed eel! population by exposing the 
eeiis to a selective agent or agents, or one would screen the cells for the desired 
marker gene trait 
20 A. Selection 

Arrex^mplsry embodiment of :meth for identifying framfermed ceils 
involves^ to a ^teetive agent, such, as amet&bolk 

mMMtor.^n ^MihIotic v febleide or fee like as described hereinabove, m\$ 
which have b^en tiamifermed and have stably integrand a marker gens 
25 conferring resistance to the selective agent used, will grow ami divide in cnlMre, 
Sensitive cells will not be a?nenable to fether eukartng* 

It is ferther contemplated that combinations of setem&bl e. and. sekct^bte 
meters will he usefbi for Mentiil cation of transfenned cells. In some eel! or 
tissue types* a selection agMt, s^ch as the antibiotic ksnamyem or 041 § , may 
30 either not provide enough selective killing to clearly identify ttmsfk>mw4 ceils, 
or roay cansa 
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nontmi^formantss alike,, thus causing the action technique to fail litis 
proposed that selection mih a -growth- inhibiting compound, such as m antibiotic, 
at coneentmiom below those that era 100% inhiMtion followed fey .sewing 
of growing tissue foxp^prnmon of a screenable mark er gpm s $vch m gm (beta* 
5 giucorcmMase) or fta (iudftrase), would , allow one to recover traasfbrmants 
from ceil ortissus types thai are not. amenable to seiectioii alone. Therefore- 
eomhfe&tkms of selection screening can enable identliication of 
traBsfonn^ts in a wider variety of cell and tissue types, 
B, Regeneration and SeedP^Kte€t%& 

10 Cells that survive the exposure to the selective agent, or cells that have 

been scored positive in a screening &my, may be cultured in media that supports 
regeneration of plants. The tx^nsfomied ..cab, idmmiad by selection or 
screening and cultured i n an Kpirmpmte. mgdknn that : sxipports regeneration, will 
then be aftewssd to. regenerate Into mature plants. After the pl&ots have reached 

! 5 the stage of shoot sod root development, they may be tram toed to a greenhouse 
for fmiher growth and testing. 

Mature plants are: then obtained fmm cell lines thai are klemiiled as 
expressing. the. preseleeted DK A segment. If possible, the regenerated plants are 
self pollinated. In addition, polko obtained from the regenerated plants is 

20 crossed to seed grown plants of agronomicaHy important plant genotypes, hi 
some cases, pollen from plants of these genotypes h used to pollinate 
regenerated jtois, The imii is genetically characterized by evaluating the 
segregation of fee trait m first m£ later j^ner&tte progeny. The., herkability and 
expres^iori io 't>h&isis f>i trsits selected hi tissue coltore <^t'e of perficnlsr 

25 importance if the traits are to be ^merciaOy weM 

Regenerated p tots caii be repeatedly eroded to other plant genotypes in 
order to inirogre^ the pTeselec^ed DNA segment into the genome of .the -other 
plants*. This process is. referred to. as baokcross eonversfon. When a sufficient 
nomber of crosses to the metiitent parent have been completed in order to 

39 produce aprodoet of the baekeross convemtta process that is sub^ntEaliy 
Isogenic with the recurren t parent except for the presence of the introdueed 
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p*99efect&l OK A segment* the plimt m seif-poilinated at least dree in order to 
produce b homozygous baskeross converted pto eoMmmng the preselected 
DN A segment. Progeny of these plants are tarn breeding, 

Alternativeiv, seed fern transformed pls&ts regenerated from 
3 tT^fermed tissue cultures Is grown in the field and sdf^nm&ted to .gene^te 
trae bidding plants, Prugeay from these plants become Urn breeding lines. 
Once the initial brewing lines are selected, ttst crosses are made and 
hybrid seed is pxxtoced> The tesiemss hybrids and breeding populations are 
plaited in several different arrays in the field. One s#me of evaluation is to 

! 0 grow populations of hybrid plants contaming the preselected DNA segment in 
many dl fferent locations and ms&sure the performance of the p! arils at these 
different locations , Yield information as Wei! as other measures of plant health, 
siiperiontv aad viability aire mode, The Information regardlog the perfbnsia&oe 
of these hybrids along with that of the perfennaiiee of non-tramfonnsd hvbrids 

15 is compared . 

Upon the Identilieaiion of the ^perfe peFtbm^ee of transgenic plants, 
the parent seleedons %m advanced and an inbred line is produced through 
conventional breeding techniques, Hybrid plants having one or Mors; parents 
mmmmng. the preselected DNA segment are tested in eommeremi testing and 
20 evafoatfon pmgmms and performance documented. This testing mdudes the 
evaluation of perfbr^ia^ce triais earrkrf .out over a wide geographical area, as 
^veU as the use of dedk^ted trials to reveal perfermanee advantage and hence 
value. 

ad<iltkmai advantage of the expression of the preselected 0H A 
25 segment is t he superior perfonnaoes of the parental K.nes.in the production of 
hybrids, 

C. C&araeter^to?s 

To confirm the presence of toe preselected DNA segments) or 
%&nsgene(sr m fee reg^erafmg plants, a variety of assays tmy be performed. 
30 Such assays inelMe, for example .Molecular biological* assays well faipyra to 
those of skill in the art smh m Southern and Northern blotting and PCE; 
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^biochemical 51 assays, such as detecting the presence of a protein product, e.g., 
% immunological means (KLISAs and Western blots) or by en^matk : fimetion; 
plant part assays such as leaf or root assays; m& also, by anailyamglte 
phenotype o f the whole m generated plant 
5 L PNA Integration, SKA E^pr^p^^ smd feherMa0€« 

Gnomic DMA may be isolated fiom callus cell Khes-or any plmt parts to 
determine the presence of the preselected 0& A segment through the use of 
techniques well known to ihom skilled in the art. Note that imact s&quMaes may 
not always be present, presumably due to rsarrangemem or deletion of sequences 
10 in the cell , 

The presets of DN A elements introduced through, the methods of this 
mvaition may he determined by polymerase chain reaction ({ Using this 
technique discreet figments of DMA are amplifies! and detected by gel 
dee tropboresis < This type of analyst s permits otm to determine whether a. 

1 5 preselected DNA Burnetii w pmmni m a ^tssfefe tr^form^t, bt3t does net prove 
migration, of the introduced preselected DNA segment into the host cell 
genome. In addition, it. is. not possible using PGR techniques to d^temihic 
whether tr^sfbm^an^ '.have- ex^genoo^ genes Introduced into -Afferent sites in 
the genome, h whether trarlsiormaBts are of independent origin. It it 

20 contemplated that osing PCS. techniques It would be possible to clone fragments 
of the host genomic DhlA adjacent to an introduced preselected DNA: segment 

Positive proof of DMA Integration Into the host genome and the 
indepe^^dent identitjes of translbnnants may be determined aging the teehnique 
of Southern hybridisation , Using this technk|.u&* specific J3NA. se&neno&s thsi 

25 were introduced into the host genome and flanking host DNA sequences can he 
i dentified. Hence the Southern hyhrldlzHtion pattern of a gi ven trunsformsnt 
serves as mi sdeadfymg eharacteristiG of that trsnstbrniant In. addition, it Is 
possible through Southern hyhridization to demonstmte the presenoe of 
introduced preselected DNA segments in high tnoleeuiar weight DMA, le, , 

30 confirm that the introduced preseiecte^ ON A segment has fe^en imegi^ted: into 
the host c^lgenome. The technique of Southern l^hnal^fen,|>mv| : des 
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Information that is obtamed using PCiR* e*g, 5 the presfe&cfe of a preselected DM A 
segment, but also demonstrates stable Integmt ion into the genome aad 
characterizes ^eh.indm 

I t is eo&i^npfeed that using tlie. techniques of dot or slot blot 
S hybrMfeatk>n : whfeh are modifications of Southern hybridisation techniques o^e 
•caa obtain the information thai is del ivsd Irei?) PCIl ? e.g., the presence of a; 
^preselected DNA ^gtnsrit 

Both PGR and Southern hyfen^ to 
demonstrate tr^sml^sion of & preselected DMA segment to .progeny , .to most 
1 0 htst&nees the aharaeieristic Southern hybridisation; pattern for a given. 

• tm^formant. will segregate In progeny as one or more Meridian genes (Spencer 
et a.L, BlitJ^M^ 11, 20! (1992); Lamsen et aL, Bm^Md^MmL, E 5.1 
(1994)) indicating stabl e inberitan ee of the gene . 

Whereas DNA Malysfe leehniqae§ may be conducted using DMA 
.! 5 isolated trom my psrt of a piam, EN A msy only be expressed in parties te cells 
or tissue types and hence it mil be necessary to prepare RM A fbr analysis from 
these tissues, PCR techn^es may also fee ussd for detection and qummtmxon of 
EN A produced torn k^rodueed preselected DNA ssgmetrB, In this application 
of FCR it h first necessary to revere iransenbe EN A into UNA, using ensynies 
20 *mehas reveoe tr^merlpta^, and then through the use of conventional FCR 
techniques amplify the DNA, to most msl&nees PCR tecb^ique^ while useM, 
wU! not demonstrate integrity of the E;NA product, Fndfcer mfdrmatlon about 
the nature of the ENA product may be obtained by Mmtbern biottii^g. Tlife 
techmc|ue will demonsirafe the presence o f an RNA species and gi¥e in&m^ation 
25 about the integrity .of that RNA. The pre^nce or abseil of an RM A species am 
also be detenrdned using, dot -or slot blot Northern hybridizations. These 
tectoiques are modifications of Northerp blotting sod will only demonstrste the. 
presence or absence of an RNA species. 

2< Geite E&prgj&iost 
30 While Southern blotting and PCR may be used to detect the preselected 

DMA segment in question., they dom>t pro vide information as to whether the 
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preselestsd DMA segment i$ bemg expressed. Expiesslen may be evaluated "by 
specificity id«fetiiymg the protein products of the introduced preselected DN A- 
segments or evaliiatmg the pf isotypic changes brought about by th^ir. 
expression, 

S Assays ibr "the. production md Memifeatidn of specific proteins may 

make use of physle&lH&emie&L gtruptursl* fictional* or otter proposes of the 
proteins. Unique physkal-ohemieal or stratum! properties, allow the proteins to 
be ^separated m&iAmm&d by dectrophoretie procures, ssish as native or 
denaturing g£l elsetmpboresB or isoelectric focusing, or by ehromatographk 

10 teehmqi*£S such as ion exchange or gel exclusion efeemstogr&phy. Specific 
antibodies may be used to detect the: unique stni^ixire^ of proteins via fbmi&ts 
such as an ELIS A assay ? fer example to detect npt .lt> Comfoinatioos of 
approaches, may be employed to oMai n even : greats specificity such as western 
blotting, in which antibodies are used that hind to mdMdoal gene products that 

15 haw. been separated by electrophoretk teehniqise$. Additional tech^k|^a may 
he employed to absolmely confirm the Identity of the product of mterest, soeh as 
evocation by amino acid sequencing fohowmg purification. Although these 
procedures are among the most commonly employed, other procedures may be 
additionally used. 

20 Assay procedures may si so be ^md to idend fy the expression of proteins 

by their timet ionality> especially the ability of enzymes to catalyse speciuc 
ohemkai reactions: fevolving spedfic substrata and products. These reactions 
may be followed by providing and quantifying the loss of ^^bstrates or the 
generation of products of ths reactloos by physical or chemical procedere$, 

25 Very frequently the sxprssslon ex a gene product is detem^med.by 

evaluating the phenotypic results of its expression. These . assays also may take 
many forms including bet not .limited to analyzing change In ths chemleal 
composition, morphology \ m physiological. f roperties of the plant Chemical 
composition may be altered by expression of prcs elected DN A segments 

30 encoding proteins which affect pigmoitsti or} of plant parts arid may be detected 
pheriotypically, or by a product, which h messed w^m the protein encoded by 
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the preselected ' 'DHA, segment U expressed, that may fee amlysed by high 
peribrmance liquid ekromatx>gmphy or ELIS'A (e,g. f npt II). 

B, fet&bli$bmest of tfee feted^d |b ..Otter Ptoi 

5 Fertile* tmnsgsnk plants may ihetl be mad in ■& conventional plant 

breeding ; pragma in order to Incorporate the pre^mxl DMA segment mto the 
desired Imes or vsrie&SL 

Oeneraily^ the commercial v-Muo of the. ttm&t drmed plant produced 
bereio will be greatest If the pre$eiected PNA segment cm be incorporated imQ 

tO many different hybrid comfefeatbns, A fanner typically grows several hybrids 
based mi differences in maturity* stodability, &rd other agronomic traits; Also, 
the farmer miiSt select a hy brid based upon Ms or her geographic location smes 
hybrids adapted to one region are generally nor adapted to another because &f 
differences m such traits as maturity,, disease, drought and insect resistance. As, 

I S such, xi is necessary to incorporate -the gene Into a large number of p&re&tal lines 
so that many-hybrid combm^ioas be produced eo^talniog feo preseiected 
DMA segment. 

Flam breeding m& the techniques ssk! skills retired to transfer ge^es 
from one lloe or variety to another are well known to those skUled In the art. 
20 Thus, introducing a preselected ON A segment* preferably in the form of 

recombinant DNA S too a^y other line or -vanety can bp accomplished by these 
bresdmg. woced ore 

E, Uses #f Tramgeale M&nts 

l*"he- imisgggnc pimits p.rod.ue«5d herein sre expected to be usefel fer a 
25 variety of commercial and rsseassh purposes. Transgenic plants . #mt be created 
for use in traditional agncuhore to posses traits beneficial to the grower (e>g., 
agrooomic fed is . sock % reskianee to water -deficit, pest resistance, herbicide 
resistsoce or mereased yreld), beneficial to the mmwnzr of the grain harvested 
from tbo pl&rrtfeg.^ improved ?uutritive eoMe&ita homai) food or mixml feed), 
30 or toefioiM to the food processor (e.g., improved processing traits). In such 
uses, the plmis me geacs&lly grown Jar the usa of their pain in tattutn. or asmml 
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ifeods. However, other parts of .the plassis, mcliidmg stalks, husks ? vegatMive 
parts, mi \M like, may also have utility, iiaelw^ silage or 

lot ommmiml purposes. Often, chemical oonsiiteib of crops. &m mmtmtM for 
foods or .industrial use and tnmsgenk plants may be created which have 
5 enhanced or modified levels of sassh components. 

Transgenic plants may afeo imd use In the oommerdal maiiut factum of 
proteins or other eompoimds, where the compomsd of Interest is e&traofed or 
purified fmm plant parts, seeds, and the lite. Cells or tissue from the ptmu m&y 
ato fe cnkored, grown in viim, or fermented to manufemre socb modules, 
10 The tmmgemo; plants may also be m cos&meroi&i breeding 

programs* or may be eroded or b^d to plants of related crop spseks. 
Improvements encoded by the preselected ON A segment may be traBsfenred, 
e.g,,f>om ceils ofoBeptat species to -cells of another plant species, by 
protoplast fusion 

15 The transgenic plants may have mmy uses m mmm<Ai or breeding, 

including creadop of nsw miitam pia&ts through mserhoBal mutagenesis^ in 
order to • identify beneficial mutante 'that might later he ereaisd fey traditional 
mMtation and seleetiorL An example would be tlielntrodnctlon of a recombinant 
DNA seques^ce encoding; a iransposable demerit that may be used Ibr generating 

20 genetic wiatiOi^ The methods of the Invention may also he used to create 

plants having u&iqtMs ^slgnat^ra seqoences' 4 or other marker sequences which csm 
be used to identify proprietary lines or varieties. 

The InvenUon will he further described by the following examples. 




To .prepare an expression c assette comprising &ScBV promoter, feme 
regions of the ScBV genome were amplified by polymerase chain reaction 
(PCR>> The region s are npstream of open reading Trames, ispstresm of ^putative 
tKNA binding site, airf do not inelnde AUG coders The PCR employed 
30 BamHI linearized pScBV-20 ®; the template (BonhMa et al. J. Ge^,VjmL r 74> I 
(1993)). Prteer pafe employed in the PC^ 
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smplifeMioR re&cficms resulted in the following regions of the SeBY geadme 
:bel«g amplified: sycleotide positions 5999 to 7205 (amplified with prime* 
SGSV-PRO FORW-S999, SEQ ID m primer SC8V-PRO RE¥-7205 : 
SEQ ID MO:?}, 5999 to 7299 (amplified with primer SCBY -PRO FOKW-SSSS, 

5 SEQ ID NO>6 and primer SCBV-PRO REV- 7299, SEQ ID MO:S% asd 1999 to 
7420 (amplified with primer SCBY-PRO FORW-5999; SEQ ID NO:d aod 
primer SCBV-PRO REV-7420, SEQ ID NO:9) Caecprdipg to the 8*s»berf»g 
system m Boulitdaet aL, supre}. SC8Y-PR.0 FORW-5999 was syathfesi^ to 
iswiode a-Psfi' site. SCBV-PRO RBV-7205, SCBY-PRO KEV-7299 and SCBY- 

10 PRO RBVO420 were synthesis to imiude a StuI site. After amplification, the 
PGR products were digested wim PstI and Stal and tbfen go! pmifm. 

To prepare morsosot expression wetors. Hies gel fragments were ttgated to 
pMON755i (Medherry and Olszewski, ElmtX, 3, 619 (1995)), which had been 
digested with Psllaad Stnlto mmo-ve the G»MV-35S promoter fragment. 

IS pMON735i was derived from pMOM75S {Medberry et afr .Xbft flmt Cell. 4. 185 
(1992)} by inserting a modified mate® alcohol dehydrogenase first mtroa 
segment S' to GUS geoe. The respiting plasrmds were designated; SeBY- 1 
(5999-7205), ScBV-2 (5999-7299), mti SeBY~3 (5999-7420). 

20 



Primer ssme 


Sequence 6 '-V 


scbv-pro for w mm 


ClCmGC'mCAGGAAO'lTOAAGACAAAAOAAG 




(3BQ IB T90: 6) 


SCB V-PRO REV-7205 


BTACGl'ApGCGTCAC'lvjAATOGGCCCAGTAC 




(SEQ ID NO:?) 


SCBV-FROHEV-7299 


TACB ATAGGCC flGSCAGAC AAGGAATA A AG 




(SEQ ID NO: m 


SCBV-PRO RBV-7420 


OCACGAAGGCCriGGIGAAGrAGCOATOATC 




(SBQ ID NO:9) 


MAP-SCBV-GUS 


GA GG AGGG A CCATGG ATATATCTCC 




(SEQ ID NO: id) 
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To prepare expression v^msibtAgroimcierium-mQdi^s4 
translocation a binary expression vector was constructed, ScBV-3 was 
digested with Fall and SmI and a 1.4 kb SrBV-containmg fragment was ligaied 
to pBiuscdptSS' ($m&gm> J-a CA )> which had been digested wife Spel, 
5 the over&mging snds filled is with Kteoow fragment sod then digested with 
PstL From fee resulting eonstmch a Xhol-Xbai frBgmentwas isolated and 
ligated to oOC AI Ol , which had been digested with Sail and Xbal. pOCAiOI is 
a derivative of pOCA28 (Medberry et at, M> 5505 (1.990)) is 

which fee polyhrdte^ is replaced by a Hindm-EcoRIiragment containing feo 
1 0 GUS gens. p€}CA28 (Olszewski et ah, Moci^^Ms^,, 1& tO?$S {\m% has 
, a § m rf$pc< gone from pHP4Somega <P*eitfi and Kritseb, |te M> 303 (1984)) 
whiehxenlaees a BglH/Smai fragment containing a tetzgeycSae resistance gene. 

To map the transcription start she of s ScBV promoter, a labeled primer 
or DHA &m*m mA l®^ e<l the SgB V promoter ate employed in 
I S a primer extension twfeo and/or a S I release reaction. A primer m*M to 
map the transcription start site of a ScBV promoter is shown in Table 1 (MAP* 
SCB V -CKJS : 8 EQ W ®&m 

20 Transient expression analyses in maize (using Black Mexican S weet 

ceils, "8MB" sells) and oat suspension cultures showed that ScSV-3 : gave the 
highest levels of expression. In particular, oi BMS cells, ScBV- 3 conferred 
Kpression that gave rise to approximately 25 and 800 times more independent 
events that produced GUS expressing cells than the e*pressi<sveanfcrred by 
25 ScSV~2 or pSeEYri > respectively. 

Immature embryos of oat (AvewMiiva L. variety 3M) were used to 
initiate eafc Friable emhryogeme ealfes was visually selected using a low 
power ovoscope (6.6x) and sobenhored every two weeks on MS2D medium 
containing MS salts (Tmfoert et ai., supra). Callus derived tissue was plated onto 
30 solid MS2D medinm containing 0.2 M sorbitol and 0.2 M manniml m m 
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^mimmm ptmimxtmm for 4 hours ptmr to mlcmppyectlk bombardment as 
described by Vain et ai. (BMI^M^gBam IX 34 (1993)). 

In general, either tungsten <t ,1 misron; M-17; Bicrad Laboratories,, 
iforcuksi CA) or got<! (LO micron; M^%^ CA) 

.5 particles may be employed for micmpaniete hombs^n^t Approximately €0 
mg of slry toigsten or gdkl particles m placed m T ml of 100% -sthanol In a 
m&roiube. The tube is -vOTtexed on high .for 1-2 rmm$i§s r or s^nicMesi using a 
standard tip allow power for 30 seconds. The vorteadtsg is repeated, three times, 
Thfc-n the iolsr otu be is 'subjected to semd&gatton at .10,000 rpm for 1 minute, 

] 0 The mp&tmtmit h removed and 1 ml of sterile distilled water Is added,, the 

partkks .r^ii^end«d;:C^Btn&ge<l and -the supernatant removed. This process is 
repeated dace more. The particles are then rcsuspcBd&d in I ml sierik distilled 
water. Fifty microliters, enough for 4-8 bombardments is aliquotsc! into 
tmcrombm while ^ortexkg. Tungsten or gold aliq^ois are stored at *2Q°C 

IS To a single 50 mlemliier aliquot of particles under continuous agitation 

the fi>!Ipwmg is mkUd in the following order: § microtias of DMA (1 
miax>gram/mlerolite^ 5 SO miesolites of 2J M CaC! 5 and 20 microliters of 
0,1 M spermidine (fee bam tissue culture grade, Sigma Cbemical Co.). The 
mixture is vorie^ed ibr 3 min-ute^ . subjected to ceom&gaiio^ at i 0,000 ^pm for 

20 10 secofi&s and the snpsmMsM removed* The DNA coated particles are washed 
with 230 mieroliters of 100% ethanol by yorte&mg bristly* then, subjected to 
oentrlfegatio n.< m& the mp&mUmn removed , The particle m*e then resospended 
in 6-0 microliters of 100% ethaooi 5-10 microliters of the s^&peosioo. is then 
add sd to the center of the n^cxoc&nter. The suspsosion is silowsd to clry in s 

25 low-humidity aiKl vibmtiori- tree eswiroBnient tor aboist I mmuie> 

A-pproximstely SD0 mg of tissue was placed m the center of a Petri plate. 
The pl&ie was positioned 5 cm below the stopping plate, and the tissue 
bombarded mih goM particles eoateti with pSeBV-3 ami & ptesmid feat eomsias 
the vptll phmi setectabie marker tmked to the GaMV35S promoter (pB24, see 

30 Tortert et ai^ ^j^ra) (0.625 micrograms/bombarfmeB!), using BioIMIc® PDS- 
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I 000/He Pmkfe Delivery System 0kMM L&h$mionm< Hercules, C A) 

operated sceording to fee tnasn^fectm-er's instraotious. 

Tissue remained on the esmotkum medium (MS2I> plus OA M 

-osmotseajim) overnight and was Jxausiferred to MS2D malnteoaeoe im&m for ? 
S days at 20* € in the dark, T*a&&fanned- it mm was transferred to section 

xmMmn ooMammg SO mg/L [p&&tmxp$c& m\Mi&pdm^h Q3S% low BSD Type 

I agarose (Sigma Chemkal Co.) m4 substituted every 2 week^ (Tc>fte etai, 
GiowiBg colonies were isolated afler about 6-8 weeks, and allowed to 

grow for up to about 4 additional weeks. Shoots were regenerated iii shoot 
10 regeneration medium (MS salts plus tMamiue43Cl 20 g/L sucrose, 2 mg/L 

NAA 5 0.2 mg/L BAP, 50 mg/L paromomycin, pH 5,8, solidified with 0.35% low 

EEC) Type I agarose) . Roots were regen&Mted In mot regeneration medium CMS 

salts plus tMamfee-HCi sefldiiled with (135% low EEO Typ&I agarose). Plants 

were then; placed . into mi aM grown to maturity.. 
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Tissue 


Relative* Level of 






Expression 




Leal* 


-r 




Stem 


44-t 


21/23(913%) 






<:0/a3 { >o3 >») 


RaeMs 


-H- 




Ghame 




23/23 (100%) 


Rachitis 




21/23(91,3%) 


Pales 




22/23195.6%) 






22/23 (95,6%) 


Anther 


■H> 


20/23 £86.9%) 


Ovary 




19/23 (82,6%) 






2/2(100%) 
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» Relative level of detectable expression shown as (■■>■) signs: ^> 
corresponds to iow-m^am, me^m-high, and mgn retail v* 

hsstoahemieal staining, respectively. 
T*eswaiM expression pattern of the SeBY promote based on 23 stably 
20 vmtotmt* m^pmmi U^s. 

dumber of lines with detectable ^^k^m^^t^^r^ 

in stably transformed lissmtM cosfetrM eonstihabve 

GUS egression in wgoiative o^s, most notably the stem (Figore 5E). the 
leaf, however, ScBV-3 cmtm* m expiate pattern which Is mostly, hnimn 
excLsively, coined to the vwntartteue (Figars 5F>- SeBV-3 also resulted in 
30 eon S «ve GUS expression m flora! organs snsh as the palea, 1« 

ovary (Figure 5D and SB). 

Regenerated ptets (10 generation) were screened for GUS activity. 
Fifty-six plants were recovered, and In some esses naaltipfe plants wore 
recovered Mm the ssme eahus. Plants which were derived from the same callus 
35 were defined as one lino, Sinoe p tos derived the same callus could 
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potentially represent mdep^de^ evsBt^ data fer plains recov^d lk>m <m 
individual oalius ^as pooled, D^t tissues were tod .s^iionea from ptorwith 
floral orgms and green vegetative = tissue. 

Twenty tees stably txmsi braied mdep.^dent titm wem analyzed tor 
5 GUS expr^slon. 'Plaw tissues were Mamsd with GUS histoch^mical siammg 
buffer In the preset of 1 ;5000 Cv/v) dMmion of the deterges Siiwet L~7? (OSI 
SpociaHlc^ Charleston, WV) aod objected to vmmm for 20 minutes. Tissues 
y st^in^i %r 1-4® hoot?* at roorn temperature,, d^stained tbr 24 hours aiKi. 
stored i« 70% eiwol tbr analysis. GUS expression was scored onder a 
IQ dissecting mferoscope. The results of the GUS analysis are shown m Table 2. 
GUS activity was detected in almost all of the A. sdtfra organs tested, and Hoes 
with GIJS activity in one organ tended to have aetivity in ftll of foe organs tested. 
Stem, palea* lemma and ovary had the highest levels of expression. Moreover, 
of the meaty three independent lines tested, over 82% had detectable levels of 
15 GUS expression in ImL stem, peduncle, n*tu*, gtee.mehilla, pd*> !« 
anther and ovary, Npi II ieveis in pim cells, perls or tissues are determined by 
m mm E1ISA assay (S ! - 3V Boulder, CO) as also described in Torhert et at 

A. miim florets wore collected horn mater e plaets (bo vegetative tissae). 
20 T 1 seeds were produced by self-poiiieadoo of TO pteaa Those seeds were 

mM aad feen stoUte* by soaking first in fe 30 &eeoMs > aM 

then in 2.5% bleach and 1-2 drops of Tweeo-20/100 mh for 5 minutes, followed 
by washing three times with sterile water. Seeds were gsrnnnated m magenta 
tea on MS medium lacking hormones, grown for 10-12 days, and transferred 
25 to soil. Prior to W»S to soil, excised roots of foe T$ plants were subjected 
to staining fer GUS gene expression as described above- A, saliva progeny {T 5 ) 
plants, and Tl seedlings, were subjected to analysis for GUS gen 
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Table 3, OUS gene expression in A, smiva % seedlings 

R$ai*W level No, Lines with 

Leaf 5 *+■ 

Roots +f 4/5 (44-4%) 

10 Endosperm 4- 9/9(100%) 

! the relative level of expression is indicated by the number of t*s: i+% M, 
^ d (4H -f) «on«S^Mia : g to low-medium, medinn^high, and high-very high 
Mstodhemieal staining, respeed veiy. 
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20 



25 



2 QetumW expression pattern of the SeBV-3 genomic region, based 00 9 
stahly-tmrnfoxime^, Independent lines. 

* Nernher of Hues with deteeCsble expression/* Number of Ikes examined, 

* Vascular expression- 

' Seedlings from nine ikes were recovered in the T, generation. 

Both seeds and XT plants showed OUS activity, thm demooslrahag that 
the GUS gene was heritable. The results of OUS analysis of TI plants is shown 
in Table 4, Keiahve to the TO -plants, the level of expression in Tl appeared to 
he reduced in most organs (Table 2 and Table 4). This result suggests that the 
expression is reduced in the progeny. 
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Tabis 4, CJUS g«n« mpression in mMms A* saliva T ; plants 
'Steislivfi 5 tevel 'No. Lioes with 



^■^<^ 


-f 


S'lT (71.4%) 


Stem 




5/7 (71.4%) 


Peduncle 


4 


3/7 (42.8%) 






3/7(42J%) 




-4" 


6/7 (85.7%) 


Glume 
P&tea 




7/7 (100%) 
6/7 (85.7%) 


Lemma 
Antfafir 




6/7(85,7%) 
3/7 (42.8%) 


15 Ov&ty 




6/7(85.7%) 


Awn 




0/3 (0%) 



20 



s The Tel^we Isvel of expression is indicated by fee numbs? of '+*s: (+), < 
a^f(+4+) ■wempwtim to tow-medmm, ■■m^en*togfc» ;aiwl fiigfe-vsry high 
feisto0h«mjcal staining, respectively , 

.2 C«raM exprsssioa pattern of the geaonac region based on 7 

stably-t^nsfofmed, ^dependent lines. 

* N\asber of lims with detectable expression/* Number of lines examined. 

* Vassnlar sxp^ssion^ 

* irem ssvea out of the nine t, lines gtw to maturity. 
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An expression vector which comprised a ScBV promoter Jinked so the 
GUS gene was transformed into Amhidopsis ihaliana (Columbia ecotype) by 
S vacmim mfiitratiexi esseniialiy as. described in van Hoof and Green, EtaLL i&> 
415 (1996); Bechtoid ei ah, OXJ^»,m4 (1993)^1* the Mlowkg 
modifications: 200 ul/L of Siiwet LU3 was employed in the infiltmtmn solution 
m&Agrakiemrimi ttimefackm strain C58GI (pMP 90) was employed as a non- 
eukaryotie host for the expression vector. 
10 Seeds from plants which were subjected to the vacmns feriitnnion 

method, (designated % seeds) were sewn on kmmiycm-mnimmn% plates as 
described by Feldmann (In: "Methods in ArabMopsis Research 51 (Q,1L®n<sz,K~ 
H. ChuSx asd*. Scheih Eds.). World Scientific Pubnshing Co., Singapore, pp. 
274-2S9 0992)). Individual plants ff , plants) carrying the kanamycM marker 
IS gene were transferred to soil Tissues tons these piams wots stoned to localize 
GUS activity as described above for A,stftte> tissue, except that the Silwei L-77 
detergent was used at U 1.0.000 (v/v) sad the staining solution was 

vacuum tofforatod into the tissue by subjecting it to a vacuum for S minutes. 
Seeds of tee T s plants C'U plants) were collected ami progeny plants (T, plants) 
20 were also stained for GUS activity . 

Tables 5 aad 6 sh ow the geoetaiissed pattern of expression of the ScBV 
promoter in Tl and T2 A, (Mimt® plants, respectively, Twenty-nine Tl plants 
were examined which were derived -from ?' Infiltrated plants, All transformed 
seedlings which were derived fem a single Infiltrated plant were grouped into 
25 one Sue, 

In A. tkuiiam flowers, foe expt^ssitm pattern is mostly vascular, yet the 
stamen in some of the flowers exhibited constitutive GUS gene expression 
(FigmeSC). When roots of A. sativa were stained, GUS expression was 
detected in 44% of the lines examined whereas for A. itwimm roots, 
50 constitutive GUS gene expression was found to 86% of the lines examined. 
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Table 5, GUS gene expression in -4. ihalima l^ plants 
Hekdve' level 

5 Rosette Petiole -H~f 
Eose-its leaf ++ 
Xaf!©?escence stem 
Peduncle +* 
Flower sepal^ 

10 

s The relative level of expression is 'indicated fey the number of 

^ (4^> co«esponding to tew-mdmw, ms#jm-high> and bigb-very high 

Mstehssikal string, respectively. 

{$ * Generalized expression pattern of the ScB V -3 genomic region based on 7 
stsbiy-transfamiedj isdef^ndsst li»es, 

* Number of lines with detectable expression/* Nu?nber of lines examined. 
20 * Vasoukr sx&aukm.. 



No. Lines with 



4*/7*<5?%) 
7/7 (100%) 
3/7(43%) 
4/7 (57%) 
4/7 (57%) 
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Table 6. GPS gene ^pr^sson In .A. ikaiiamt% pimtn 















Rosette: Petiole' 






Rosette leaf 




/// \ ivw AM 


G&uliiis Leaf 




7/7(100%) 


Inflo^seenee stem 




7/7 (100%) 


Root 




6/7 (8<?%) 


Flower sq>a! & 




7/7(100%) 






6/6(i 00%) 






4/6 (67%) 



.> xise relative level of expression is inotoate*S%' the number of + 
1 5 -aad('H^1' eon-esooridmg to low-medium, mediuro^ugh, and high-very high 
mstoshemicsl staining, .respectively . 

■ Oensralix«d ^presto pattern erf fee SeBY-3 genomic region based on 7 
stiifly-trasstonned, indepoodenMtoes. 

* Number of lines with detectabk expression/* Number of lines examined. 

* Vastolar ■ 
25 %■$ seeds. 




30 Soybean ^plants are derived ftom meristeraS excised from the 

embryotoe axes of immature seeds, Prior to transformation mecfetsm plants 
sre pre-mcubatod in high cy^Bm^comainmgmed^am (Earwaals et &l f %&m* 
473 CI986}) overnight. The bottom of a. 60 mm Petri dish is filled with i.% 
water agar. The embryos are soxfbee -sterilized and plated unto the agar to the 

35 Petri dish. 

A .Quantity of 1 .3 micrometer gold beads (Alfa Chemical Go.) are. 
preeoated with ooiyiysme by being rinsed ia 0.02% poiyrysme and air drying. A 
linearized ^ression vector, -which comprises a SeBY promoter sequence, e.g., 
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liBearised expression vector, which comprises a SeBV promoter sequence e.g., 
SEQ ID NO; 3, opemhly linked to a preselected DN A ugment, k $tepa*$d> 
Preferably, the expression vector farther comprises a marker ge^ne, such as the 
neo gene (APT 3 -H). 225 micrograms of &e expr^sloB veaor a^eous 
5 soMion is added to 35 mg eoaied gold bessfe ihs£ seqiseotkll^ 22 

microliters of .10 mM N%HPO* and 22 mteroliters. of 10 mM CsCh which form 
a fine preeipk&ie&s the soltit&m b dried under N 2 . irrgemr&l 1,0 to 0,001 mg of 
DNA par mg. of gold beads is pr^arad/Oie dried precipitate .coated beads are 
to mmsp^ded in 100% eth&nol amiiteposit^d t^nto 2,0 millloietsr plastic 
W coated alunitoised my lar sheets approximate! y 9 mm by II The. coated 

are applied to give a JlnaJ deputy of QX-m$t*m % the mylar carrier sheet, 
M $?mm\> the earner sheet b loaded with D.OS-40 mg of loaded beads per 
square centimeter. 

A vacuum of 5 00 mm of merewy i$ applied A 24 kV discharge from the 
1 5 2 microfarad csp&Qsior Is discharged through the electrodes acceler atmg th& 

particles at the soybean embryo, the bombarded embryos ars ramov^d from ttse 
target sor&ee and plated xmio plates for organogenesis procedures. For sample, 
see Barwhale -et &L ? US, 473 (1986)), 

The sxplanis are plated to the dark oh MS basal medium as modified by 
20 Barwhak et al (supra) < Following Incubation of I to 2 wselos m too dark, the 
tbsuesaxe transferred to the same basal madluiB which captain a lower level of 
eytokioio (1,7 mi^mmlm'h to promote shoot elongate Shoots are harvested 
at 03: to 1 JO em is height Three to eight shoois are ^ovsted per expiant at 2-4 

25 After shoots re^ob 0,5-1 .0 em In height, they are grafted onto the mots of 

germinating approximately ten day s old soybean seedlings Prior to grafting 
they are hardened on lt2 MS rmdmn tor obo week. As sooo m sufficient plant 
tissue Is? achieved, ; thetksises are assayed tortfe? presence of the marker gen©. 
For example, if the .nep gene is used a marker gene, APH Til muvixy is 

30 assayed in plant tissues. 
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The presence of tliepmselect^ ON A xnofeala of interest, e.g..., smeodfeg 
a ymxl cost protest Is detected by Southern blot mmly sis, Terrmicrograrns of 
ge?K>rnk DMA from plant tissue Is. digested with m appropriate restriction 
enzyme The DNA Is then phenol fthforofonh extracted and preeipitat^d with 
5 ammmbm acetate and sthanol The digested DHA is iwtioBMecl tm m agarose 
gel by electrophoresis. A 32 P labeled probe ooTrespondiag to at least a portion of 
the I3NA mole€iife 0f Interest Is empfayed, After washing ite liter* the 
hybridising DMA feap^ents are vbmth^d by autoradiography; Hamate thm 
sbxrwn to carry the DMA pioteenie of interest, 

iO A flmtt the tissues of which demonstrate mate gene enwmatie aetivity 

or which are positive by Sootkern blot analysis .for a DNA molecule of interest 
or the marker gene, is grown to .maturity. The plant is seif-po!Iimted atid seeds 
recovered. Seedlings are employed to generate plants, the lea ves of which am 
assayed for marker gens-associaied ei&yjasstic activity or by Southern blot 

I 5 aoaly sis fer the DNA molecule of [Merest 



20 afeemt 6 mm are : taken from sw&ee sterilised tobacco leaves, These are 

eidtwaled on MS 1 04 agar medium foH wo days to promote partial eel! wall 
ibmatioo at the wouftd surfaces. They are then submerged in a .. culture of J\ 
iurmfhaiem cells eootainmg a pia^mid thai has a Se0Y promote opemMv liafcesj 
to a-pyesdected DMA segment, £.g. ? encoding GllS, tod aao&er eKptession 

25 cassette encoding kaaamycin resktkncs aiici pM?90RK, a helper plssmid, which 
Its grown overnight in Luria broth at 2§*C, and shaken gently. The sells are 
renio^ed from: the bacterial sn^emion, blotted d?^, and ine^hated irpside down 
on filter paper placed over of tobacco edls as described by 

Horsoh (In Vitro. 16, 103 (I§S0)^ Afior two or three days, the disks mt 

30 transferred to petri dishes containing MS media with 500 ug/ml esrbeniedlM 
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Control tissue is created mm$ A, mmefhciem ceils containing- the helper 
piasmid pMF90RK mid a different plant tmmhmmixQn vector, pMOblSOS, 
which contained a T-DNA region with a NOS/^IPTH/NGS ka^amveln resistance 
gene &nd& selectable marker gene. 
5 Within imx days after transfer to tbe M S media, actively growing callus 

tissu? appears on the periphery of all disks on both the control aixi tmns&rmed 
plated Imnsferm^ iob&eco plgsts m% theft produced by rsgeneratitm from the- 
afecwe-d^ribed timisformcci leaf disks % the. proeed^ described by B orsch m 
al. 222* 122.9 (1 985)). The - transformed plants obtained eam&m the 

10 expression c^s^tte whleh eoBtains the ScBV promoter fesed to the 

The same procedure is used to ohtam trsBstbn^ed tobacco with a 
CaM¥35S pramotw fused to the same prelected 0NA segment, i&<, BBS', 

Ttmufotxmd plmiBComMr^ib^mM gene driven by either the SoBV 

1 5 promoter or the CaM V 358 promoter are assayed using a histological staining 
proceduro to dotermiB^ 0US activity in the ir^&>7Siad -cdfo Tb.e results of 
these assays m plants trans&nned with ScSV/GUS^'OS ste compared to the 
m&t* of tfag> siime assays -^formed on plants transformed with 
CaMV35g/miS/HOS. 

20 "The. histoe-hemacai assay of the tobacco plants ea&ts&fcg the 

ScBV/GUS/NOS and CsM V35S/GUS/H08 eonstniets involves sxrniimimM 
plant organs and/or tissue sections of the transformed plants to determine GUS 
activity, Thp tissue 0r organ sectkms of the tmisfenned pfast are prepared by 
^bg a razor blade to fhse-hand section the plant -tissue into sections less than. Q. 5 

25 tn.ni m ihmkmm, Tm motions m% then placed in excess X-gloo solution so thai 
the section was firily covered > FtiOing a vmixym on fee lotions cao aid hi 
penetration ofX~gh*c sofetkm, A SO ml X^ghie solutionis prepared by 
combining 25 m! of 0 >2 M M%F0 4 buflfeir pH 7,9, 24.0 mi dSH^O, 0.25 ml & I M 
K^FeCCNXl 0,25 mi OA M K^[Fe(CN) 5 l aad 0,5- toll M EDTA, pH 7,0, To 

30 this-solatio?,. : 50: mg of X-glue C5-6f^t4^^ 

obtained fern Research Oiganics (pewted, Ohio) is added a^d stirred until 
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dissolved. The solution is then preferably steri.lfe^d: by gitratkm. The sections In 
the Xrglm solution we to placed at 37°C for 2-4 'femurs. Care is taken to 
prevent evapor^tioa of tfe$ solution, A^er the incuhatios> period, the sections -are 
tmse& with phosphate tefe* or 4milh4 1%Q, md the sections were eygxaineg 
5 inmzdmnb? with a disseetmg scope or compound mierasoope. If there k 
k^^^ the tissue can- be fixed m FAA solution .(85 ml 

50% ethmiol, 5 mi $lmM noetic add anci 10 mi fermalin) for 24 hours. 
Problems with pfeeiiollcs can be m.Higa%i by the addition of sodium 
motablsolllte to 20 mM to the staining $olm*on just prior to stammg. A. positive 

1 0 tew for the pre sence of 0QS activity is shown by a blue coloration appearing In 
the tissue of the assayed plant section. 

A histological staining assay Is performed mi a sections iramfonBed with 
tN p-glneBronidase gene driven by dtter the GaMVSSS promoter or the ScBV 
promoter. A typtea! staining profile was observed for C&MV3SS promoter 

I S driven CKJS gene whh staiomg in some tissues am! no sialrimg m other tissues 
within a smgle tr&n$gemc plant. However, tissue. from a ptet tmasfhrmed with 
the SeBV promoter driven GUS ge^e shows that the trar^fomied plant exhibits a 
fair, preferably a moch higher, level of GUS sxpmssioB ami &-more ^^fbrrn 
pattern of sxpresdm m- tissues 

20 from ptots tra^fonried with CaMYSSS/GUS. This b illustrated by the 
predommam blue coloration throughout the section. 

The distribution of expression and the number of highly expressing 
transgejilc plants obtained show that the ScH V prooioter is suoenor in tis&oe 
distnb^tkm and uniformity of ^xp^ssion when compared to the CaMV/GUS 

25 plants Greater thai* 90% of the ScB V/GUS cootamlBg traas&rmed plants show 
faur; prsfeaMy very strong GUS exp^ssion a^d that the ^tainbg fe urJl&nrrfrom 
plant to plain and tissue to tissue, This stalling is oo&sisteotly as good in the 
SeB V coMaijnmg pl&nts as that in t&e CaMV/CRJS plants. 

It* order to provide fbrther evid^uee that thrSeBY promoter k a strong 

30 and eonstitoltively expressed promoter, transgenic Nwotiana tabacum plants 
containing the eomttuets are assayed for GUS activity ^skig the fluori metric 
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assay of JfeSerson .et ai/(iMafii> & (1987)} m extracted ie$ve&, -flowers 
stems am! loots, lac^bstions ars perfbtmed at 37*C1br 15tei&u*fe& A 1. g4th 
mt&mode leaf* a flower, a 4 cm loBg stem sectf&g* or tools are excised , Seketed 
• tisw is extracted by freezing Ib liquid mtrogen, grkidksg with a morter .s&d 
5 pestle, asKiTesuspet^dfog m 1 ml 0,1 M K.PCX, pH 73, mM BDTA. 10 mM DT> 
0 .8 mM PMSF> and 5% glycerol The fiuarage&sc Reaction was carried mi in 2 
mM ^Bi^Htferji gMcuroBld€> Fkores'cmee is measured fcsang a. 

Hoecbst DM A f&oromeier (Model TKO 100), Protem concentrations of piaBi 
extracts are determined by Bradford assay. 

1 0 The CaMVSSS promoter is arbitrary given m mprm$im level of n 1 * 

for each tissue analysed ami the relative expression level of the ScBV promoter 
is then detemrmed. The CPUS exprssskxn obtateed with the S *B V promoter is 
found to be superior to that obtained with the €aMV3SS promoter. 

The im**mtion Is ml limited to the exact details shq$rn and described, for 

1,5 It should be uisdcrstpod that :mmy vam^kmmdrm(Mk^mm may be made 
wMfe remaimog within the spirit md smpv otihe mveBtto^ defied By the 
claims. 
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WHAT IS CLAIMED !S< 

1 , Ab isolated arsd piirme<! DNA mokeuie comprising a preselected SNA 
segment comprising a sugarcane oadUIform vims pomofer. or a 
biologically &otlvs* sobmiit thetmf. 

2> The DNA moleeule of cl&lm ! whsrem the preselected DN A segment 
comprises SEQ ID J$Q:X 

3 , The BNA moleeule of claim I wfeorein fee preselected DNA ssgmsM 
eomprl^s SEQ ID NQ;4 

4. l^he DBA mofecute of.telatea-J wherein the preselected DN A $egm&&t 
comprises SEQ ID NO A 

5 . An expression cassette ooiBprii>ing a first preselected DIN A segment 
which, comprises a sug&re&se bacilli form virus promoter, or a 
Mologic&Mv active sobunit thereof* iunsllorial hx a host cell oper&bly 
Imked to a second p^sefeetecl BNA segment encoding a protein, EN A 
tmiscnjst-, or a combination thereof . 

6> The expression $g$sette of el aim. 5 further coaipristog a third; pr^eleeteid 
DNA segment encoding au saimo terminal chioropl&sl iraa$it peptide 
which Is operafely linked -to the secoM preselected BNA segment. 

7 , The expressioB cassette of claim 5 wferem t&e -first. preselected BNA 
i?egmmt competes SEQ ID NO :3 . 

8 , "the expression cassette of claim 5 wtesm$ the fust preselected DMA 
.segment, sompri&ss SEQ ID HC);4. 
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9. The expression cassettls-pf ztmm 5 wherein tha first pretested DMA 
segment comprises SBQ ID HO:5. 

1 0, The expression cassette of cteisti 5 which Mtbet comprises m mhm%.®z 

11. The expression .cassette of si aim 5 wherein the second preselected DNA 
segment comprises a selectable marker gene or a reporter gene. 

12. The expression cassette of claim 5 wherein the promoter is consth-Utively 
expressed In the host cell . 

13, The expression cassette of claim S wherein the host cell k a plkni cell 

14, Ths expression .cassette of claim 1 3 wherem the host cell Is a 4ieqt pel! . 

15, Tile expression cassette of claim -13 whemin the host cell is amo&Qc&t 

ceil, 

16. A method for producing Irsmihrmed plant cells comprising the steps -of 
(i) introducing into regenerate plain calls a recombinant DNA segment 
winch comprises a first preselected DMA segment comprising & 
^g&rc&ne bacilliform -viras propter operabiy iiaked io a secoml 
preselected DNA segment so as to yield traiisformed cells, m4 (n> 
Identfiying or selecting ® transformed cell ime, 

.17 . A method for producing a fertile tni&sg&nk pbot comprising the steps of 
(I) iatroducmg; mto regenerabfe pl§M cells & m&m^mmn DMA segment 
which comprises a first preselected DNA segment comprising a 
s^igaxeffie badiliforni ¥irus ■ -promoter operabiy Maked to a preselected 
second ON A segment g>M to yield transformed ce!b> (B) identilying or 
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setestmg a popudatSom of tr^siformed cells, and (Hi) regeBcmmg a fertile 
tmmg<srhe plani tiiereftom, wteein said recombinant DN A sggmmi is 
tramsmtted through a complete sexual cycle of said transgenic plam to its 
progeny; 

18 . The method of claim 16 or 17 wherem the regeiierable plant cells are 
moncK&tpiaht- "cells v 

1 9. The method of claim 16 or 1 7 wfierem the regener&ble -pi-mi ctlh are 
dkot plant cells. 

20. The method of slaim 16 of 17 w&ersm the .stsepmbinsat DMA molecule is 
introduced into the piast cells by a method §dteeis<l from the group 
coasting of A0oba€ierium<-tnMmiM DNA transfer, eleetropor ation, 
protoplast traasfferm^tio^. and mic^pojectile bomba^dmmt 

2 1 . The method of &l&m 16 m 1 7 wherein the first preselected DMA segment 
eompn ses SEQ ID NO: 3, 

22 . The method of claim i 6 or 1 7 wherein the fet preselected 0N A segmfcnit 
comprises SEQ ID NO: A 

23 Tte method of $lwm 1 6 or 1 7 wherein, the first preselected PN A segment 
.^>mpri« SEQ ID WO:S, 

24s The method of claim 1 6 or 17 wheydo the- reeombmai^t ON A &gK3$ni b 
expressed m as to .impart a phenotypk characterise to the -transform^ 
cells* 
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25 , The method of claim 17 wh&rek the reeomfemant DNA segment Is 
e&pr&sssd in the fertile transgenic pimt sc m to import a phenotypic 
cbaraoteristio to the plant 

26. The method of dim 16 or J 7 wterem the second prssdeetad DN A 
segment composes a selectable mater gene or a reporter gene, 

27* A method 'comprising, obtaining progeny from a fertile 'transgenic, plant 
obtained "'by the method of claim 17 which comprise said recombinant 
DMA. 

28 . The method of claim 27 whema said progeny are obtained by erring 
said fertile .tignsgmsc plant with a plant of the same species. 

2-9 > The method of claim 27 comprising obtaining seed from said progeny 
and obtaining further progeny plants comprising said recombinant DNA 
from said seed. 

3 0 , The method of claim 2 9 wherdn the progeny ohimt^d are crossed bac k 
to a pkmi of the /same species, to obtain fhfiher progeny which comprise 
said recombinant DNA. 

31 , The method of claim 30 wherein seeds are obtained from fur&er said 
progeny plaits &&d plants, eompfiaing • said rseomfein∋ 0NA. are 
rocowred from- said seed. 

33, Th£ method of claim 30 wherein, said limber progeny arc crossed back to 
a plant of the same specks to obtain progeny which compdse said 
recombinant DMA, 
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33: . A tr^sformed plant regenerated fmni the tra^s&nried plant ceils 
obtained by the method of claim 16. 

34. A transformed seed of the trassfon^ed plant of claim 3 3 > 

35, A TO immgente plmi produced by the method of claim I ? wblcn 
comprises said rseombm&nt DNA segment 

36 A se$d produced by the tr^sgenic TO plant of claim 35 which complses 
said recombinant DNA segment, 

37, A Tl transgenic plgrtt dmved from the plant of claim 35 wber^In said Tl 
plant comprise $aM ^eomMn&n? DNA segment, 

38 A progeny tm&sgeme . plant derived from the plant of claim 3? wherem 
said progeny plant comprises said recombinant DNA segpieni, 

89, The pWiof elaim 35, 37 or 38 M&erem. ihe^ombmaat" DNA segment is 
expressed so that tho tmnsgenie plant exhibits' a phenotypio dasractsdstic. 
thai renders the transgenic plant identifiable over a corresponding 
u&tr&mfonried plant. 

40. A trmisfornm! moHocot pirn!* the ceils of which comprise a rsecombinant 
DNA segment comprising a first preselected DNA segment com|>rismg. a 
sugarcane haeillilooH virus prompter .operal?iy. linked to a second 
preseteensd DMA segment, wherein; the second preselected DNA segment 
is expressed so as to render the irmrformed plain ktendfiS&lG over the 
con^spondmg tintonsibrmec! plant 

4 1 . A transformed dkot plant, the cells of which comprise a reeembin&nt 
DNA segment comprising a ikst px^ml^md JMA segment; comprising a 
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sugaresna baeilliforai virus promoter opemhiy t.mfced m a second 
p^eseketed DNA segment, wherein the second prelected ON A segme&t 
is expressed m m to-wider the -tr^ibata&d pknl f demisable over ths 
son^spondiog untransfbH^ed plant. 

42. A fertile 1 tmmgenfo plant comprising a -r aeomhinMt DNA segment 
QOiiiprismg a first protected DNA segment Q0m|>rising a sugarcane 
bacllliferm vims pramoter operably flnfc^lb. a second presel ected ON A 
segment, wherein the second preselected DNA segment 1$ expressed in 
the eeMs of tlie transgenic plant in an amount that b different ihm. the 
amount In the cells of a plant vvhfeh Qjriy differ from the sells of the 
transgenic plant in that the rsoombhisM DNA segment Is absent, a&d 
wherein the reeombina&t DNA segment is transmitted through a 
complete normal sexual cycle of the transgenic plant to the next 
gen&miion, 

43, A seed produced bj^ the plant of claim 40, 41 or 42, 

44, A. progeny plant derived from the se&d of claim 4.3 . 

45. A progeny seed derived from the plant of claim 40, 44 or 42. 

46. The terete tr&nsgessk plmt of ahum' 42. that m a monoeot 

47, The fertile transgenic plant of claim 42. thai is a dicot, 

48; The pleat of ctet&a 40, 41 or 42 wherein the first preselected DNA 
.segment comprises SEQ IB N©:3, 

49 s The plant of daim 40, 41 or 42 wherein first preseleemd DN A 
segment compmes SEQ ID NO :4, 



56 

The plant &f slmm 40, 4! or 42 wherein the first preselected DMA 
segj&eni comprises SEQ ID NO;5. 



wo 9w§9rM tcrmmMSM 



KOLMKTKVVVC K2 V. t V * .V VS 3XS r msm ; 5 ?; , k»AOF»^^ 



^CX^VFI^KFLQF^^ 

^^^nS$§X*V$S £FG J. jKN&^&X F0E^dt>QCFE>3TE(? FX A VYX DI? X WFS BB&.SQH&SK&^& 



S UBSTI TUTE SHEET $Ut£2$ 



2/B 



1 £ggt&to&ga gcgaggtatg atttctgtat 
61 gccaagggcfc ^tgctgatg^ g£tt&&ggac 
121 egtcgaaagg ctgaaaa&at ecaaaatactt: 




it eb^a«tttet tagataagqg 
gcaagttaea tagcatgata 
tggaaa&<3t& qgttgttota 
ifX mm*<$m<?&. ttaatga-aw gt;&a$«fctag ttmttct^ aaatoaaggfe ct^tSattqt. 
§41 agttgagcto agtaattaag tgctgaagga agtaagatct ^ggt^ra.. .wgl^w 
lux te^aggcagg aggccgctaa ggggaaaaga gecagacgat eaae^ctttt tcaacacaat 
361 tgtt^mgtt;t sgctataaag aaatagcett gagae&aaga ttqascaota agaa^tgSSt 
4 21 «.ctc^^t acctgaafcca gcetz&fctaqx toaawqa eaaeacrtat:& a<?^aaaaa^fe 
4S1 amtgcctgt aagacttaag tgcaaaagta acatetggSa ctgggt *<?**' c^tcti^ac 
S4X tetgaaagc* tc^caaggta tcecttatct «tepx1c astgiaatac 5<*ttcfctSt<K 
502 tetaccttgc stgaaatctg aagccc^gtg ggsaa^acag tt:t;ac5>x?ctt q5saaaa£tc 
661 acsatatattc ga&a&egcta aesaagaget tattcttgga aeaaagafcet HaaSfc-sfcc?* 
721 tttaaatcat aatc£gogt:a >-tactt:gcta &ag&gtaga£ e£tggata-a aacm^ofc^k 
7&l aaa^t^gcag eagaaggcgt tcgag^ac^g gaa^^gcta ££ctctgaag ggaqaaaqoa 
£41 cmi:gctgat ca^geagga agc.taeaact ^t^gofc*?ae: aasacqgaae aatS^ctgai 
SOI ^asmeagaag ga<scagcgtg cacgt.cstgaa a-aaggttgaa gacqacetat eo-a^d^tcsag 
SSI tagggagatc caegacetto gtgfcggaa£a cscgssgcag aggeetttafc caaaaq-aaqi 
1021 egfcfcgetgaa ektg£gotgs ^aafcetcap gca^aag ett^exjaga agcagaoeqa 
1061 gttgetec^c gagoaggt:<;a agaagc-tcfgt ggagaccmsa oqtacmga&g 
1141 tcaoaam^g gtgaaacgts toagcfcgatg agta&<^s«g aaccagcata 
1201 ctcgagaaga ecaagaat^t: ^tfcggagag tecsggsgaag gett<?gttgc . 
1261 agoatcaaaa ogostacca*. gcagaataae tfcdaccatt^ agttaotg&t taceesgeac 
1321 ggaaaga^ca agt;e*.fctcrga gga^aaaatc mag&c«ga agg&agaoert taeaaaqaag 
13 81 gcggacaagc ocag<5taat:c cgggcxagac aagc^ctcq ac<^c<?tcqe saaqagqatc 
1441 gaagggtcga ggaeagg^go &g K aaa£gtc aagg^gt.tg asagggggaa gctaaaac?fct 
1501 cracgctaata qsfctfcgaact: cetgaggastg afcc£aa£<sao q<:aasga<?tc aga^ta&Cq 
1561 gctscagfcao mfec&bfcgfca gatggagcaS tattggafcaa ScagatcSga gattSaa^aa 
1S21 gagc^agca tgcaaaacat: gaggo^eaga gaat:egcagg tca^gcsctt qsttttctas 

gggfctacoto agacgaaccg agagagaaga cc^tggsgat gctcatgc&g satga£ 
1741 agci-aaccag gag^&tgaag aagagagcica gag^tt^c agcagsmgtt ct^tat; 
ISO! e&aga&gtga fcgafcafctcafc- cao&aagtst. ttsaagggag ctefeagecaa ^atatcctcc 
IS SI tgattgatga e&atsagstt gatatgacct t£a£^aaggss ggaaaeasxc c^c^tt^g 
XS21 sgcagge&gg actccggtat abkestoccg gsataet.aqc tattaqaaca caacctct.qc 
xssi atceagac^g gtc^ggaaaa ctggt^tt^a ta^tttt^ tgacatqaga ga^scccsc 
ao^l ^aag^gtmct t:ggagctatg gaaatt;gat0 t-g^gcaaagg accacaaatq gt^tam^g-a 
2101 t^aamgct:^ catg^c^^cg ataaaggstt fcct:tt;<^atgq a^t:ccscrctt ast^taaaqq: 
2161 tgaa^gg^ta tg^^ggttgg caagga^agg cca^cttaca csttgaSagg ttgitaa^t^ 
2221 ^aaga&^gtc ^aat^c^acc aatgfcg£.«.£t tcaagtat:aa ggt:t:gaagqa qtqq^qtcfct 
2281 t^at.caagaa oaaag^t^£^ aaagctat£g aagcc^o£aa aaagagtgtg aas?gs?aatca 
2341 gaggaggagm ^tggaaostt ctacscafec&a agc^agaggt agt:ca£gc^& ^etac-caaq*? 



S401 tgcagac^ac agaaaatt^^ ga^gg^acaa catac«cag attcaea^mt. £atgaaggtg 
2461 c^agttctta aaagccagta gagaacaaet cagatg^tga ggcata£a£g gcgcfc^tttxT 

£&ggat 
?tggga 

: H4X ^£££tcf;t:gg aaaaactgaa. g<s<*gcctacc ctgctgaaat tgaagaaga^ 



aaago'cagta gag«ac:aaet cagakg&£ga ggcata£a£g g^get< 
2521 aagaagaaga ggaagaggat gacatca^^t- t<tat:^aaccg aatcttatca a&atactcta 
2MX ogcag<?aaaa ggtagtggga ga^gaagaat ^ttqc^oag^ agaa^as^aq attatttctg 



2?oi taagaagact tgaac^act^c a£g<ts&sc$a aag££gttgt £<saagagatt ^. 
2?€1 ^o^ecagt tgasgctaag afcgag£acaa goactggato citct:gctatq StaSoEqoaa 
2821 aea^ggaaai ggatgga^^c atg^^£ggc£ atgca^cagc aaaagaagcS ac?a«?ga£gqg 
2S ai att^aggaga gaataga^gs sgaaa^t.a£g gtggacatts? tagaaagitgg aaggafc:gaaa 
2a4X gtcagtt^tt taat^tteca. tcfeg^catgg caac^tctgq agcceatrccfca gtt^tcacaa 
1001 tgggaaatta tgoaaaggag t.£tgat.aga.£. ggcagtctat ea^cacaa^t ttattagoat 
10€1 ccc^gacatt tgagaatgca gaaga^aaga tcaccaggat tgagaatctit cttggtgaaa 
1XS1 cagaaaagct: a^tgtt^cag acotggagaa tggc^££cco aac^g<?c£££ qaaicaataa 
IXpl aaactc^ag<3 «a0aggaa^a aat ggaacac agaa tqtctt ct cicaaatg aagaqqa tat 
3241 ^gct-tgH^:^ ggttcctgaa caaggaa^as caaaca^tca agatgcagcc tacaagagga 
3^01 fcaaaatctct tgtctgccaa gaaatga^at ^teaagosst catgagatiat- et&gttgg&t 
atagaaattt ggctgc?caga tc^ggaagag ettgggtx&s caatgag£te actgatgaat 
342X -fcct: : £ca:cc&« getaec^gga aaattaggag «ccg^?gtaaa agaagct^^c aac?Sac$aagt- 
34 81 at^ccggagt £g^aaggcafc gtcccagcgg ccacaagatt; ta^atatgat: tacctcataSc? 
3S4i aaafc^tgtac agaaaa<;aac ttccsg^^ga aac£cagaag cctaaattta tq^ssa^ct 
S^OX £cc^gfcggt caatcetgtt ggaacaaggs aa^st:ggaaa gciaatatgg^ aSaa^aaaa<? 
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3661 caagatetta aagaggaaag ceaa<*oaagt: eko&tgtaag aagaastatc 

3721 tqc&Qcaaag agagaagaaa tgcagatg^t atgtcfcgfcgg ttcaqeaaat ea^ct^atqa 

3731 ag^aatgaaa ^pectatg aagagaoaag aaag^t:gaa ettgqeaaat aaabt^gata 

3841 tecca^atgg statgaocfca. gfcctofcgttg ga^a^^ttga atcagamtic Satgaiatek 

3901 attcagta^c agaaaatgaa gaatgtoagg cacstctag^ cctga&t^aa aatq^aoacjc 

39S1 taccaaaggt. tcct^aaaec tttaaagaat gggaagagLa ctacaa&Sat gaottoatSa 

4021 tgatgg^tga tattgaagaa agtgagastt c^g^g^ga aaag<wtS<jg £fc£stt«sfc*cr 

4031 gaccaaaagg aggttteagg eae^astgg aagtetcata caaSSaatac aagtm:Sa^e 

.4X41. aftgatt&gga ttts.acaaga ae^aggg^aa aacc ttaoaa aagat:gmtg aa^aSaStSa 

4201 eaaasggsoa #ta©»£at;ac tgcaggseat geaagatcac agfcfctgt^at qaata^taaa 

42S1 *afctct$ct&- caatateaaa atogagggag eagaagcagt: e&a«c«ccca qaaaaaaaoi : 

4321 caaao-catga gct:g<;t;ggss aaacagttge tgattgaaaa taqoaag^ta aaaat<WaSa 

438X aagagattet: tattgaagaa cfccaaoaagg aaataaaagc teateaagaa ae;aaaa4aaa 

444X gaaaagag« ttacattgaa gaag^ttc^a cggagg^gga aaa.tqaaatt qaaac£t:c^& 

4501 ag^gtagggc agaattgttt gaagceetat amatgaaga agt:aaaaaag aataaaaeSa 

gta^atecag tgtrgaeagaa gggat;gtaoo aag t aaagat: cgaecacct a agaaaaSaac 

4a2X tcagggaagt; tgaggcaaec ct~.gaggt.aa aeaaagtcga agaatotgaa gaagaagcta 

4^81 aagaag&gat: gafc^gcttca gcagttaaag atgagatgta oagattccaa gtc?at$2ataq 

4 741 aagtxaoaga ag^cggaaag gtasaaetca oagotctott gc?at:aoaaqt gsaa^&aqgt 
4601 cc<£gkakcaa c^aagtattc attgaagaga agtttetcaa acc^aoc?aa^ Is^aaagrea 
48S1 agatacatgg ggtmaastea gtaa^aaags £tgaeogaca ag^oaaagat qqtqeaaags 
4921 tttgggoa^g agaaaattgg ttaagaetcs sgafceasafca tgttggaeaa atQtaoaf;gc? 
4£01 gagaaaagac gcagatgctc ataggataca attttatgaa atccctac^a aqaq^a^tta 
$041 ggetggaagg ^gaaeagtg aeaktsta<?a aatacattge caq^attaag aoaaat^agt 
5101 a-ttgeaagc cgaag&agag gaaat^cttg fctg<&t«#<rfe« aqaaeaagaa tttatcaaSa 
5161 gaagt^at 9^9caagaac aagag^ctte tcgaggagat: gaaggagcaa ggatatatgq 
5221 gtgaaga^ac ottggatcac aggaaeaaga atcagateaa gtgoaagatt gaattqa^ia 
$201-. aoc<?agat&-£ 0att.at.taaa ga<2aagecta agaeactatt gaaaa^kcaa aagaaa^^g 
5341 saatgaggraa geatattgat gctctestag aa^gaaaagt eateagge^ct tag&aq>agtc 
5401 ctaacaggac caatgcatxe attg^ggaat agggtacatc aafctgaiceg aagacEggaa 
S461 aggaaateag aggaaaacca agactg^t:t:t toaattacaa gaggctaaat: gacaacacat 
SS21 agoc^ggatsa atattcattg ec^gsatcsa atgciSefcact aaaaaawtt: geaagagsaa 

5 §-0.3. agatcttcfco aaagtttgat fct^aa&ageg gg$- tteafcca a.gt..eg^catg gatgaa^aaa 
S641 gtattccaK aacag^attt tcsagcataca atgagctgtv^ tgaatggctg gt:eit:gccat 

tta-gattaaa gaafcgaacaa geaatattcc agagaaaaat gga^cagfcqt tte«<?^qa.« 

cagaagggtt catagctgtg tatatctgatg acstatfcggt tttctcggag gaogaaqaa^ 

3§ax ag^atgctga acatotgtgg aa^atgattc aaatctgcaa aagc^^a£g<?a ctaatc£tga 

a^^X gto^gtoaaa gtacaagat^ ggagttaaga aggtg^attt ^^fegggaagc aaaattggtg 

S^4X acaae^aatt agcagtccaa gaacatatta ttaagaagat tgcag^antt gatgacgaga 

"Hjsom agttgaagac aaaagaaggt; cttaaatcct ggctsgcsac aotgascUt gc^agaaace 

|ao$l aaatcaaaga tatgg.gcaag cttatiggcc cattatatcc aaaga^etca gagaaag?5tg- 

|6121 ag<2gaaggar c^atxcagaa gattggaagc fcga&caatag gatcaa^ca at:aat^aaaa 

$101 cgcttacaaa tctcactatt ocacca0a»g atg^atacat -tatcattcraa aca3at:gSat: 

6241 gt:acaactgg atggggagca gtatgsmagt ggaagaaaaa caagg^gac ecaSgaaata 

$301 cagagcaaat ^tgtaggtat gccagtggaa aat ttgataa gccaaaaa^a acct^t:v?ata 

6361 eagaaatcta tggggttatg aatggcttag aaaagat:g^g attigttctac t:t:^c?Scaaaa 

[6421 ^agagatcac agtcagaaot gacagtagt-g caatsgs^- gtt;ctacaac aaaagtgcta 

:•' aacacaagce ttct^gagatc? agatggatoa ggttcjatg^a ctacatcaat e$gt:<sea<Ksac 

/ 6541 c@0agatagt cattgaaca^ ataaaaggga agagmatg^ tttagotgac ate£t:<?£eca 

J 09ctcaaagc caaattagct cagaatgaac caaaggaaga gattgatcefcg attacaeaag 

€SSX acat:aaggga agtaat-te^t tatccagafca ato^atacacs tgagcaaatc aga<^a^t:^q 

gaaasaaaat: tctggatcca fctcecca^at tcaagaagga catgtt^aa ag«:acagaSc 

67aX aagcttttat gctaacagag gaaccagtta- ^actctgtgc atgcag^aag ccw^tta 

684X agttagtg&c aa^aaaatc^ gccaacc^ag. gaaggaaatt: cttcaac5tg& qeaatgaaoa 

aatga^a^fcg ^tggta^^gg gcagatctca ttg^agaaca ^afctaaac$ac a^aattg^tg 

€&6l aat;t:tcteaa gaatcttgaa gntrc^gaaga ecggt^gc^t gcaaaea^tg gaggaggaac? 

7 021 t^tatgaagga agtcaocaag ctgaagatag aagagcasga gttcgag^aa t^c^cca 

7081 ^aacaagggc tatgtcgcoa gt.agc<sg<5ag aagatgt,gcx agaactccaa gaogtaa^^Si 

! atgacgattg aggaggoatt gaogtcaggg argacagoag eggaga^ta^ tgq^aacatt 

^ ^01 cagcggatgc tccact-gagt tgtmttattg tgtgcttttc ggacaagtgt c?atc?tooact. 

72ax ttcttttggc acctgtgcca ctttat.tcak t^tctgccac gatgecttttf 0tta^t:fegc 

7321 aagcaaggat- pgcsagt^cgt. stgtgmcaae aQcccccttc agaegotctg ccta£ata<W 

7301 geaa^g&atg ^aagotct^a cgatsatcgg t^ttcaces eatgatcsatt taa^caagtt 

7441 tgcttgaata aaagaa^tat cattccgcat acotgatc<5t atagrccta<5 ettgagaaca 

7^01 agagcgaagt. s&atagfc&gs <?at^ctaa^a gaaaQtc^ag gtttt^tcg<?<? tttccta^c 
?S6:x a<a^tt;ccc 
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